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РЕЗЮМЕ 
С В О Б О Д Н Ы Е И N - О К С И Д Н Ы Е А Л К А Л О И Д Ы SENECIO VULGARIS L. 
И З М Е Н Е Н И Е С О Д Е Р Ж А Н И Я А Л К А Л О И Д О В В Р А З Н Ы Х ОРГАНАХ 
В ПЕРИОД В Е Г Е Т А Ц И И 
А. К Е Р Н 
Содержание общего, свободного и N-оксидного алкалоида растений Senecio vul-
garis L. определялось в разных органах в период развития. Найдено, что Senecio vulgaris 
L. в период всего развития характеризуется предоминированием свободных алкалоидов, 
однако N-оксидные алкалоиды могут быть обнаружены во всех органах в течение всего 
вегетационного периода. 
НАСЛЕДСТВЕННО-ПАТОЛОГИЧЕСКИЕ И П Л Е М Е Н Н О - Г И Г И Е Н И Ч Е С К И Е 
П Р О Б Л Е М Ы О Б Р А З О В А Н И Я Б Л И З Н Е Ц О В У КРУПНОГО РОГАТОГО СКОТА 
Д. ХАМОРИ 
Среди некоторых попыток повысить продукцию мяса образование близнецов стало 
интенсивно изучаемой областью. Соответственно изученным литературным данным и офи-
циальным данным венгерского племенного реестра были анализированы биологические 
и генетические трудности. В 1966 году из 120 375 отелившихся венгерских пёстрых коров 
4360 имели близнецов (3,62%), в результате чего было получено 8727 телят, затрудненные 
роды составили 31,65%, от этих родов 998 телят оказались мертвыми при рождении 
(11,43%), 2121 погибли до отнятия (27,44%) и вследствие последующей стерильности 731 
коров нужно было выбраковать (16,76%). В 1969 году из 160 864 отелившихся коров 5435 
имели близнецов (3,37%), в результате чего было получено 10 882 телят, затрудненные 
роды были в 37,38%, от этих родов 1562 телят оказались мертвыми при рождении (14,36%), 
2829 погибло до отнятия (30,35%) и 987 коров было выбраковано вследствие последующей 
стерильности (18,16%). Склонность к возникновению близнецов сложный (полимерный) 
признак, который демонстрировался в семейно-потомственном исследовании, но насле-
дуемость его является низкой (h2 0,04- 0,25), хотя этот показатель меняется среди различ-
ных пород. Гетеросексуальные близнецы у венгерских пёстрых коров, зарегистрирован-
ные как женские, показывают 96% стерильность (интерсексуальность), 21,8% из них не 
могли быть использованы для получения потомства (на племя). Хромосомные ненормаль-
ности были тоже обнаружены среди этих близнецов (химеризм), у женских близнецов 
идентичного пола 45,4% не оплодотворялись в результате врожденной стерильности. 
Автор указывает на то, что с точки зрения здоровья животных и экономики ущерб, связан-
ный с возникновением близнецов, является нежелательным. Если бы биологические труд-
ности могли быть преодолены, образование близнецов осталось бы техникой с некото-
рыми невыгодностями, поэтому тщательный экономический анализ необходим до введе-
ния в общую практику. 
РОЛЬ Л И Ш А Й Н И К А В О Б О Р О Т Е АЗОТА С Т Е П Н Ы Х Д Е Р Н О В Ы Х СООБЩЕСТВ 
К. ВЕРШЕГИ, И. Э. ЛАНГ 
На песчаной дернине в течение двух лет (май 1970—апрель 1972) изучали сезон-
ное изменение содержания общего азота живущих в почве ксерофитов лишайников Clado-
nia magyarica, Cl. furcata, Cl. convoluta И Parmelia pokornyi и роль лишайников в обороте 
азота сообщества. В колонии лишайника общее количество азота обычно ниже одного 
процента и показывает сильное сезонное изменение. Различие, обнаруженное у разных 
видов, зависит от структуры колонии лишайника. Пропорция и роль разных видов в обмене 
веществ азота сообщества определяются соотношением массы. Их роль в Brometum tecta-
rum больше, чем в Festucetum vaginatae. Интенсивность оборота азота меняется в зависи-
мости от вида и года. 
Э Ф Ф Е К Т 6-МЕТИЛУРАЦИЛА И 2 -ХЛОРЭТИЛФОСФОРНОЙ КИСЛОТЫ 
НА Ф Р У К Т И Ф И К А Ц И Ю И УРОЖАЙ Р А З Л И Ч Н Ы Х Л И Н И Й ШАМПИНЬОНА 
AGARICUS BISPORUS (LANGE/SINGER) 
И. РИМОЦИ, И. В Е Т Т Е Р 
Авторы в своих опытах изучали эффекты 6-метилурацила и 2-хлороэтилфосфорной 
кислоты на фруктификацию и урожай различных сортов шампиньона Agaricus bisporus 
(Lange/ Singer) в условиях мелкого производства. Изученные сорта (выведенные линии) 
были взяты частично из самых распространенных в производстве сортов (в предыдущих 
годах: Пц-17, в настоящее время: Д-13, Ф-1), частично из сортов, которые в настоящее 
время ещё мало используются (LLlO-9, 3-3). Установлено, что оба действующие вещества 
— добавленные к компосту — в значительной мере ускоряли появление плодового тела 
по сравнению с необработанными контрольными сортами. Под влиянием обработок фрук-
тификационные периоды стали более выравненными, особенно в случае сортов LLIO-9 
и 3-3. Действующие вещества в значительной мере повысили средний урожай линий Пц-17 
и в меньшей мере Д-13, Ф-1, LLIO-9, 3-3. Повышение среднего у р о ж а я использованных 
сортов показало максимальную величину при разных концентрациях в среднем 15—30%, 
в некоторых случаях достигая 35—50% стимуляции. Примененные 2-хлороэтилфосфор-
ная кислота и метилурацил, имеющий характер цитокинина, влияли на фруктификацию 
сортов, обладающих различными морфологическими и физиологическими свойствами. Этот 
факт, по-видимому, доказывает регулирующее действие роста и развития применённых 
веществ. Результаты опытов — после дальнейших исследований — по-видимому могут 
быть использованы в условиях крупнохозяйственного грибоводства. Их физиологические 
аспекты могут способствовать изучению фруктификации и действия 6-метилурацила 
н-2-хлороэтилфосфорной кислоты. 
О Б Р А З О В А Н И Е РАФИД-ИДИОПЛАСТОВ В ВОЗДУШНОМ К О Р Н Е 
MONSTERA DELICIOSA LIEBM. 
А. КОВАЧ, ИН. Р А К О В А Н 
Авторы изучали образование и дифференциацию рафид-идиопластов в воздушном 
корне Monstera deliciosa. Они установили, что эти клетки образуются после инеквиаль-
ного деления, имеют крупные клеточные ядра и активную цитоплазму. Полости с кристал-
лами располагаются в несколько рядов линейно и идиопласты, расположенные на опре-
деленном растоянии одни над другими, могут соприкасаться вследствие более быстрого 
роста, чем их окружающие. 
ИССЛЕДОВАНИЯ ПО О П Р Е Д Е Л Е Н И Ю ПОТРЕБНОСТИ Л И З И Н А И МЕТИОНИНА I 
О П Р Е Д Е Л Е Н И Е ОБЕСПЕЧЕННОСТИ АМИНОКИСЛОТАМИ О Т К О Р М О Ч Н Ы Х 
С В И Н Е Й В П Р О И З В О Д С Т В Е Н Н Ы Х О П Ы Т А Х С ПОМОЩЬЮ И З У Ч Е Н И Я 
АЗОТООБОРОТА 
М. СЕЛЕНИ-ГАЛАНТАИ, Д . ЕЧАИ, Б. ЮХАС 
Опыты по групповому откармливанию поросят проведены с венгерской крупной 
породой мясного типа и сделан также анализ азотооборота при использовании кормовой 
смеси в групповом опыте с белыми крысами и свиньями. Процентное отношение лизина 
и метионина в кормовой смеси менялось. Найдена тесная корреляция (г = 0,9716) между 
потребленным количеством лизина и показателями азоторавновесия. Установлено, что ана-
лиз азотооборота пригоден для определения потребности аминокислот у свиней. Опреде-
лено также, что к корму, содержащему 10% сырого белка и 72 кг/ц крахмального экви-
валента, н у ж н о дать0,9% лизина и 0,2% метонина. Результаты групповых опытов откарм-
ливания и изучения азотооборота с достоверностью подтвердили эти показатели потреб-
ности аминокислот. 
СТИМУЛИРУЮЩИЙ ЭФФЕКТ О П Р Ы С К И В А Н И Я У Д О Б Р Е Н И Е М , 
СОДЕРЖАЩИМ МАГНЕЗИЙ, НА СИНТЕЗ Б Е Л К А 
А. Ш. КИШШ, Б . И. ПОЖАР 
Опрыскивание листьев удобрением, к которому был прибавлен ион магнезия, в зна-
чительной мере стимулировало использование аминоазота белком. Магнезий особенно зна-
чительно повышал накопление азота в белке в первые три часа после обработки. Стимули-
рующий непосредственный эффект магнезия в синтезе белка, повидимому, может быть 
сведен к двум факторам. Влияние одного из них заключается в поддержании полирибосо-
мальных структур, что является лимитирующим условием синтеза пептида, с другой сто-
роны, в биоэнергетическом отношении магнезий в реакциях аминирования как активатор 
снижает требование изменения свободной энергии в превращении. Эти два механизма 
действия дают удовлетворяющее объяснение для теоретической интерпретации стимули-
рующего действия иона магнезия на синтез белка. 
Н Е К О Т О Р Ы Е Н А Б Л Ю Д Е Н И Я ПО ФРАКПИИ СПЕРМОЗИНА 
С П Е К Т Р В О З Б У Ж Д Е Н И Я И Ф Л У О Р Е С Ц Е Н Ц И И И А М И Н О К И С Л О Т Н Ы Й 
СОСТАВ Ф Р А К Ц И Й СПЕРМОЗИНА И АКТОСПЕРМОЗИНА 
Ш. ФАЗЕКАШ, И. ВЕРЕШ, И. КАША, А. ПАТТИ, Е . Т И Х А К 
В наших опытах исследовались определенные фракции актоспермозина и хромато-
графические фракции спермозина. В ходе фракционирования следили за диспропорцио-
нированием хвостовой части сперматозоида и представляем это на снимках, полученных 
с помощью светового и электронного микроскопов. Были изучены спектры возбуждения 
и флуоресценции хроматографических фракций актоспермозина и спермозина, а также 
состав аминокислоты. Наши результаты показывают, что спектр возбуждения актоспер-
мозина ограничивается довольно узкой полосой, но спектр флуоресценции даже вблизи 
вершины имеет широкую поверхность, последнее демонстрирует, что его компоненты не 
однородные. До хроматографировання спектр фракции возбуждения и флуоресценции 
спермозина проявляет гетерогенность и это подтверждает шесть фракций отделения. 
Фракции I I I , IV n V имеют значительную активность ATP, активность фракции 11 ещё 
не определена. Вопреки отделению спектр возбуждения и флуоресценции некоторых фрак-
ций ещё указывает на гетерогенность. В составе фракции IV и V спермозина и актоспер-
мозина встречается метилированный лизин, а именно актоспермозин имеет примерно 1 М%, 
фракция IV 0,75 М% и фракция V 1,22 М% N-метилированный лизин. Сравнительные 
стандартные хроматограммы основной аминокислоты показывают, что метилированная 
аминокислота фракций актоспермозина представляет собой c-N-триметил лизин. 
Р Е А К Ц И Я МАЛОИЗВЕСТНОГО РАСТЕНИЯ L A B I AT АЕ 
К ДВЕНАДЦАТИ ВИРУСАМ 
Й. ХОРВАТ 
В опытах искусственного заражения по изучению чувствительности Ocimum canum 
Sims (семейство: Labiatae) к вирусам было установлено, что это растение локально чувстви-
тельно к вирусу tobacco rattle (R/1 : 2,3/5 : E/E : S/Ne), далее локально и систематически 
чувствительно К вирусу cucumber mosaic (R/1 : 1/18 : S/S : S/AP), к вирусу potato aucuba 
mosaic ( * / * : * / * :E/E : S/Ap), к вирусу-Х potato ( R / l : */6 : E /E : S/Fu), к вирусу tobacco 
mosaic (R/l : 2/5 : E /E : S/ *) и к вирусу tobacco r ing spot (R/l : 1,8/42 : S/S : S/Ne). В опы-
тах заражения Ocimum canum Sims оказался иммунным к шести вирусам/вирус bean 
common mosaic, * / # : * / * : E / E : S/Ap; вирус M potato, * / * : * / * : E/E : S/Ap; вирус 
S potato, * / * : # / * : E/E : S/Ap; вирус У potato, # / # : # / * : E / E : S/Ap; и вирус radish 
mosaic, R/ #/: * / * : S/S : S/CI; tu rn ip yellow mosaic, (R / l : 1,9/37 : S/S : S/CI). Ocimum canum 
Sims как screening host plant может быть использован для сепарации некоторых вирусов, 
и особенно пригоден для идентификации вируса cucumber mosaic. 
ВОЗДУШНАЯ СРЕДА И Т О Л Е Р А Н Т Н О С Т Ь POLYGONATUM ODORATUM 
(MILL.) DRUCE В Е С Т Е С Т В Е Н Н Ы Х СООБЩЕСТВАХ 
Г. Ф Е К Е Т Е 
Автор изучал реакции нетто фотосинтеза Polygonatum odora tum на одном месте 
Будайских гор (средневенгерские горы) в естественных сообществах. В изученной системе 
многолетние порослевые колонии достигли самого большого распространения и числа 
в типе Omo-Quercetum Brachypodium в более всего богатой светом луговой степи, и мало 
особей Orno-Quercetum встречалось на месте произрастания Vicia sparsiflora с бедным 
светом. Световой климат места, где произрастает лес, автор характеризует распределением 
частоты показателя интенсивности освещения и в этой связи изучает кривые света Polygo-
n a t u m . В отношении дневных ходов у растений луговой степи брутто фотосинтеза до 
32—33 °С компенсирует дефицит дыхания и для него характерна по сравнению с другими 
типами возобновляющаяся фотосинтетическая активность, которая может быть значитель-
на. Линеарная часть световой кривой лесной особи, выросшей на месте произрастания 
с бедным светом, является менее крутой, чем на месте с богатым светом (Brachypodium), 
суммарное содержание хлорофилла на единицу поверхности также ниже и показатель 
освещения места произрастания в десять раз слабее используется, чем чаще всего встреча-
емый показатель освещения своего места произрастания у особи, растущей на месте произ-
растания Brachypodium. Плохая теневая адаптация вида может быть экологическим 
лимитирующим фактором. 
ВЛИЯНИЕ В Р Е М Е Н И ПОСАДКИ НА П Р О Д У К Ц И Ю СУХОГО ВЕЩЕСТВА 
ТОМАТА И ИСПОЛЬЗОВАНИЕ СВЕТОВОЙ Э Н Е Р Г И И 
Ш. БАРООВА, И. Х О Р В А Т 
Время посадки влияет на сухой вес и ход накопления сухого вещества. В случае 
ранней посадки (май) сухой вес обоих изученных сортов помидора — кечкеметский кон-
сервный и кечкеметский карлик примерно в течение 3 4 месяцев увеличивается, потом 
в незначительной мере снижается (часть листьев опадала). В случае поздней посадки 
(июнь-июль) повышение сухого веса продолжается в течение 4—5 месяцев, но чем позднее 
сделана посадка, тем ниже сухой вес растений. Самый большой у р о ж а й у обоих сортов 
был получен в случае ранней посадки. Сорт кечкеметский консервный в большей степени 
реагировал на время посадки, чем сорт кечкеметский карлик. Концентрация всех углево-
дов в сорте кечкеметский консервный обычно выше, чем в сорте кечкеметский карлик, но кон-
центрация общего азота в обоих сортах приблизительно одинаковая. Использование энер-
гии двумя сортами разное. Эта разница может быть связана с морфологическими призна-
к а м и и структурой популяции двух сортов (высота, сомкнутость популяции, площадь 
листьев). Использование энергии скорее определяется сомкнутостью популяции, чем пло-
щадью листьев. Индекс оптимальной площади листьев равен примерно 0,3 у сорта кечке-
метский карлик, и 0,6 у сорта кечкеметский консервный. 
С Р А В Н И Т Е Л Ь Н О Е АНАТОМИЧЕСКОЕ И З У Ч Е Н И Е НА 
LOTUS CORNICULATUS AGG. III . 
О. С. Б О Р О Ш 
При изучении анатомии корня, проводимом на дикорастующих и культивируемых 
таксонах Lotus corniculatus agg., можно установить, что первичный корень, характеризую-
щий таксоны, имеет тип triarch и tetrarch. Вторичное утолщение начинается через 6—8 
недель. Обнаружено различие на уровне мелкого вида и подвида в тканевой структуре 
корней, образующихся в ходе вторичного утолщения. Таким образом, определяющим 
характером для различных таксонов Lotus является вторичная тканевая дифферен-
цировка. 
В О З М О Ж Н Ы Е ПУТИ МОРФОГЕНЕЗА В К У Л Ь Т У Р Е КАЛЛЮСНОЙ Т К А Н И 
ВЫСШИХ Р А С Т Е Н И Й 
Л. ХЕСКИ 
Цель нашей работы изучить, какие процессы дифференцирования клетки и ткани 
протекают в каллюсной ткани до появления растений (побегов, корней). По нашим наблю-
дениям образованию одних и тех ж е органов могут предшествовать совершенно различные 
процессы дифференцирования. Те же концентрации гормонов в каллюсных тканях раз-
ных видов растений, а также разные концентрации гормона и взаимосвязи в каллюсной 
ткани одного и того же вида могут индуцировать адвентивный эмбриогенез или диффе-
ренцирование конуса нарастания. В статье описывается адвентивный эмбриогенез, об-
разование конуса нарастания корня и стебля, а т акже органогенез. На основании своих 
и последних результатов других исследователей наметили те возможные варианты диф-
ференцирования клетки и ткани, органогенеза, которые делают возможным создать ра-
стения из недифференцированных каллюсных клеток. 

Our sincere regards to Professor Pál Greguss 
on the occasion of his 85th birthday 
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FREE AND N-OXIDE ALKALOIDS OF SENECIO VUL-
GARIS L. CHANGES IN THE CONTENTS OF ALKA-
LOIDS IN VARIOUS ORGANS DURING THE VEGETATION 
PERIOD 
By 
A . K É R Y 
I N S T I T U T E OF PHARMACOGNOSY, S E M M E L W E I S MEDICAL U N I V E R S I T Y , B U D A P E S T 
The tota l and particularly t h e free and N-oxide alkaloid c o n t e n t s of Senecio 
vulgaris L. p lan ts were studied in t h e various organs during their development . I t 
was found t h a t Senecio vulgaris L. is characterized dur ing the whole development by 
the predominance of free alkaloids, however , N-oxide alkaloids can be f o u n d in all the 
organs th roughout t he whole vege ta t ion periods. 
Introduction 
In the last decades several t e a m s of research workers have se t themselves 
t h e a im of s tudy ing t h e p lant species conta in ing Senecio alkaloids, f r o m phyto-
chemical aspects . T h e pyrrolys idine alkaloids, owing to their pecu l ia r r ing 
sys t em, represent qu i te an in te res t ing group of alkaloids, and h a v e a t t r ac t ed 
t h e a t t en t i on of organic chemis ts and ana lys t s . A D A M S — G O V I N D A C H A R I 
(1949a, b), S H U N et al. (1960), K O H L M Ü N Z E R et al. (1971). This g r o u p of com-
p o u n d s possesses a def in i te biological act ivi ty . T h e hepa to tox ic p r o p e r t y of 
these alkaloids has been known for a long t ime; t h e i r a n t i - t u m o u r effect t h a t 
b e c a m e known ma in ly f r o m the t r e a t i s e s of C U L V E N O R (1962,1968), K U P C H A N — 
D O S K O T C H (1964), K U P C H A N — S U F F N E S S (1967) a n d the spasmoly t i c action 
of t h e only sl ightly tox ic p la t iphyl l ine utilized in t h e r a p y by r e sea rch workers: 
M U R A V Y E V A (1966) h a v e been obse rved only r ecen t ly . 
At the same t i m e only a few l i t e ra ry da t a a re available concern ing the 
p rob lems of the locat ion of the pyr ro lys id ine a lkaloids in the p l a n t s , of the 
d y n a m i c s of the i r accumula t ion , a n d of their d i s t r ibu t ion dur ing t h e vegeta-
t ion per iod (MURAVYEVA, 1966). 
In the course of t h e comple te phy tochemica l screening t e s t of Senecio 
vulgaris L. t h a t is a common weed in H u n g a r y , a f ew correlations w e r e observed 
be tween t h e q u a n t i t a t i v e d i s t r ibu t ion of the compounds of va r ious type . 
My observa t ions raised t h e in te res t in a detai led s tudy of t h e occurrence of 
t h e alkaloids. 
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Material and method 
For the present investigations p l a n t s originating f r o m pure-species seed material of 
Senecio vulgaris L. grown in field plots were used. Phytochemica l control tests were performed 
wi th a p a r t of the exper imen ta l material . The significant p a r t of this material was collected 
in seven instances du r ing t h e vegetation period, and the samples were used for alkaloid tests 
in t he individual organs. I n the course of t h e isolation procedures corresponding t o the different 
condi t ions of solubility of t he free and N-oxide alkaloids were applied according to the scheme 
presented in Table 1. 
Table 1 
Extraction procedure of free and N-oxide alkaloids from Senecio vulgaris L. 
S E N E C I O "VULGARIS L. dry plant mater ia l 
a) extracted with petroleum ether (b.p. 40—60°) 
bj extracted with ethanol 
concentra ted ethanol ex t rac t 
part i t ioned between chloroform and 3 % citric acid 
(chloroform extract) citric acid solution 
a d d e d Na„C03 to p H 8 
ex t r ac t ed with chloroform 
chloroform extract aqueous solution 
a) added HCl 
b) added Zn 
F R E E ALKALOIDS after 24 hours 
a) added NH4OH to p H 8 
b) ext rac ted with chloroform 
i 
reduced N - O X I D ALKALOIDS 
T h e free alkaloids were prepared f r o m the chloroform extract whereas the alkaloids 
corresponding to the N-oxide alkaloids f r o m the aqueous phase , subsequent to reduct ion with 
zinc ( K U P C H A N — D O S K O T C H 1 9 6 4 ) . 
At the or ientat ive thin-layer chromatographic invest igat ion of the c rude alkaloid 
mix tu res two main spots concerning Rf va lues adjacent very closely to each o ther , fur ther one 
more significant and two t o six weak alkaloid spots were observed . Figure 1 shows the schemes 
of th in- layer chromatograms on Kieselgel-G plates treated w i t h Dragendorff reagent according 
to Munier and Machebaeuf, and with Dragendorff reagent sensitized by processing with 0.1 n 
sulphuric acid, obtained b y one-dimensional and two-dimensional development ( S T A H L 1 9 6 9 ) . 
T h e alkaloids corresponding to the ma in spots were pur i f ied by repeated column chro-
m a t o g r a p h y and p repa ra t ive layer chromatography, and t h e n isolated. By means of conven-
t ional analytical methods , spectroscopical processes, u l t raviole t and infrared spectral investi-
gat ions, analysis of hydro lys i s products and the ultraviolet spec t ra of the corresponding necinic 
acids it could be s ta ted t h a t in accordance with the l i terary da ta , the main alkaloids of the 
examined plant material of t he cultivated Senecio vulgaris L. are senecionine and seneciphylline 
and the i r N-oxides ( B U L L et al. 1 9 6 8 ) . 
Owing to the m i n u t e amounts of mater ia l s available i t was not possible to study the 
fu r the r components more thoroughly. F r o m the plant ma te r i a l of the cul t ivated Senecio vul-
garis L. t h a t had been control led phytochemical ly in the way briefly described above, samples 
were t a k e n at seven d a t e s in the same h o u r of the day dur ing the vegetation period. At the 
dates of sampling the s tages of development of the plants were as follows; cotyledonous state 
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n - butanol - acetic acid-water. 1 n-butanol -acet ic acid-waters 2 methanol. 
Reagent : modified Dragendortf ( » O ^ n f ^ S O ^ ) 
Fig. 1. Schemes of thin-layer chromatograms on Kieselgel-G plates, treated with Dragendorff 
reagent 
(1), development of leaf rosetta (2), tillering (3), budding (4), complete flowering (5), fruit 
production (6), wilting (7). 
The plants were separated into organs; root, stem, leaves, and generative parts, and 
complete plants were also collected for the determinations of total alkaloid content. The fresh 
weight and then the dry weight were established as averages calculated from 100 plants. 
Alkaloid extracts were prepared from the dried powdered substances in the way described 
above. 
The quantity of total free alkaloids and of total N-oxide alkaloids was measured by 
titration in a non-aqueous medium by the method of the VI. Hungarian Pharmacopoeia. 
The combined amount of alkaloids of different oxidation states was established by calculation 
and expressed as seneciphylline corresponding to the overall formula C1 8H23N05 . 
An ERI-65 ZEISS Densitometer was used for the densitometric investigations. 
The plates prepared by the above specified method but in order to attain better 
separation of the mentioned two main components by allowing them to run repeatedly were 
evaluated directly by the densitometric method. By means of the integral curves of the densito-
grams geometrical evaluation was carried out, and the ratio of the individual spots was referred 
to the quantity of all the Dragendorff positive spots. 
Resu l t s 
T h e alkaloids of Senecio vulgaris L . h a d been s t u d i e d b y several a u t h o r s , 
t h u s qu i t e in te res t ing l i t e r a r y da t a were ava i lab le ( S H U N et al. 1 9 6 0 , G H A R B O — 
H A B I B 1 9 6 9 ) . S H U N et al. ( 1 9 6 0 ) were t h e f i r s t , l a te r fo l lowed by o t h e r s who 
r e p o r t e d t h a t t he s i m u l t a n e o u s occur rence of f ree a n d N-oxide a lka lo ids i s 
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charac ter i s t ic of th is plant species as well. However , q u a n t i t a t i v e da t a a re 
r a t h e r scarce in t h e l i te ra ture , a n d they refer only to whole p lan t s . 
On the basis of my ana lyses the changes in the con t en t s of free N-oxide 
a n d to ta l a lkaloids during t h e deve lopmen t of t h e plants are shown in Figure 2 . 
I t can be seen t ha t bo th t h e free and N-oxide alkaloids a re present in t h e 
p l a n t at all t h e t e s t ed dates of t h e vegetat ion period. The t o t a l alkaloid con t en t 
a lka lo id % 
0,20 -
1. 2. 3. 4 5. 6. 7 
f ree and N - o x i d a l k a l o i d s 
Fig. 2. Changes of total, free and N-oxide alkaloid contents of Senecio vulgaris L. during 
ontogeny. (1—7 developmental phases: = total alkaloids.) 
is t h e lowest in t h e co ty ledonous s ta te , followed by an in tens ive rise at t he t i m e 
of development of the leaf r o s e t t a and of t h e tillering s t a g e . Subsequen t ly 
t h e level decreases at b u d d i n g t ime, remains a t a cons t an t level wi th sl ight 
devia t ions even exhibit ing a smal l m a x i m u m value, to decrease again signif-
i can t ly in the s t age of wil t ing. 
The s e p a r a t e l y measu red amoun t s of f ree and N-oxide alkaloids show 
m o r e mobile dynamics . The e x a m i n e d p lan t mater ia l of Senecio vulgaris L . is 
charac ter ized b y the p r e d o m i n a n c e of free alkaloids a t all s tages of the vege-
t a t i o n period t h o u g h in the m e d i u m stage of t h e vegeta t ion period t hey on ly 
exceed the a m o u n t of N-ox ides slightly. The relat ively lowest contents of 
N-oxide alkaloids were m e a s u r e d at the beginning of t h e vegeta t ion pe r iod 
a n d even in t h e s tage of wi l t ing . The d iagram also shows t h a t the con ten t of 
t o t a l alkaloids of the ana lysed samples re fe r red to the d r y m a t t e r c o n t e n t 
r anged from 0.08 to 0 .16% in t h e examined period. On t h e basis of m y in-
vest igat ions of t h e plant s a m p l e s according to similar pr inciples and me thods , 
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WEIGHT OF PLANTS
 1 n n •/. TOTAL - ALKALOIDS 100'/. wtu»m ur r-LANia
 1 0 0 
0 */. 1 2 3. 4. 5. 6 7. 0 ' / . 1. 2 3 U 5 6 7 
r oo t s -, — stems-, * * * * * * leaves -, _<*ч>_о^ >-о- genera t i ve p a r t s i 
Fig. 3. Percentage distr ibution of the to ta l , free and N-oxide alkaloid contents and of the 
total weight of p lants during ontogeny. (1—7 developmental phases.) 
carried o u t with the p l a n t organs s e p a r a t e d from t h e samples it was possible 
to e x t e n d m y preced ing observat ions . 
F i g u r e 3 shows t h e percentage d i s t r ibu t ion of t h e to ta l , free a n d N-oxide 
alkaloids and of the t o t a l weight of t h e plant be tween the ind iv idua l plant 
organs du r ing the v e g e t a t i o n per iod. 
I t can be seen in th i s series of d i a g r a m s t ha t t h e dis t r ibut ion of alkaloid 
con ten t s between t h e var ious organs devia tes , according to expec ta t ions , from 
t h a t of t h e to ta l weight of the p l an t s . I t is striking t h a t in the f i r s t t w o thirds 
of t h e vege ta t ion per iod the herb, p a r t i c u l a r l y the y o u n g stem and t h e leaves, 
conta in t h e ma jo r p a r t of the alkaloid c o n t e n t of t h e p l a n t . At the v e r y begin-
ning a n d a t the end of t h e vegeta t ion per iod the a lka lo id content of t h e roots 
in re la t ion to the t o t a l con ten t is h ighe r , and the a lka lo id content of t h e leaves 
def in i te ly decreases. I n t h e accumula t ion of alkaloids in the gene ra t ive par ts 
the smal les t a l te ra t ion was exper ienced during t h e vegetat ion p e r i o d . The 
d y n a m i c s of the accumula t ion of f r e e a n d N-oxide alkaloids in t h e indiv idual 
organs exhibi ted no essent ia l d i f ferences from each o t h e r . The decrease of the 
rat io of N-oxides was m o r e pregnant in t h e last sect ion of the vege ta t ion period 
t h a n t h a t of free a lkaloids , pa r t i cu la r ly in the root drogues. In t h e medium 
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section of the vege ta t ion per iod t h e pa r t i c ipa t ion ratio of N-oxide alkaloids 
in t h e leaves a n d s t e m par t s was higher . In m y f u r t h e r inves t igat ions the ra t ios 
of seneciphylline senecionine a n d fu r the r c o m p o n e n t s showing pos i t ive react ion 
wi th the Dragendor f f reagent were studied. F i g u r e 4 shows t h e scheme of a 
densi togram w h e r e a s Table 2 t h e percentage d a t a of the eva lua t ion of f r ee 
a n d N-oxide a lka lo ids in the case of leaf s a m p l e s . 
Fig. 4. Scheme of a densitogram of free alkaloids in leaves of Senecio vulgaris L. 
I t must be n o t e d t ha t no essential dev ia t ions were exper ienced ei ther 
in t h e ratio of seneciphyll ine a n d senecionine in t h e individual o rgans or dur ing 
t h e vegetat ion pe r iod . 
I t appears f r o m the d a t a t h a t the ra t io of seneciphylline s ignif icant ly 
exceeded t h a t of senecionine t h r o u g h o u t . More significant differences were 
observed, however , in the occurrence and ra t io of t h e minor componen t s . 
Conclusion 
Senecio vulgaris L. plants cu l t iva ted unde r f ie ld conditions a n d controlled 
f r o m a phy tochemica l aspect were studied d u r i n g their deve lopment . I t was 
f o u n d tha t Senecio vulgaris L. is character ized d u r i n g the whole development 
b y the p r edominance of free alkaloids. H o w e v e r , N-oxide alkaloids can b e 
f o u n d in all t h e o rgans t h r o u g h o u t the whole vege ta t ion periods. On the basis 
of t h e dens i tometr ic m e a s u r e m e n t s the ratio of senecionine a n d seneciphylline 
does not alter e i t he r in the v a r i o u s organs or d u r i n g the deve lopmen t of t h e 
p l a n t s . 
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Table 2 
Percentage data of the evaluation of free and N-oxide alkaloids in case of leaf samples. 
( 1 — 7 developmental phases Sph = seneciphylline S = senecionine a—h — other 
Dragendorff-positive spots.) 
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THE HEREDITARY-PATHOLOGICAL AND BREEDING 
HYGIENIC PROBLEMS OF TWINNING IN CATTLE 
By 
D . H Á M O R I 
I N F O R M A T I O N C E N T R E O F T H E MINISTRY O F A G R I C U L T U R E A N D FOOD, B U D A P E S T 
Among the several efforts to increase beef production twinning has become an 
intensively studied field. According to data f rom the literature, studies and d a t a of the 
official Hungar ian breeding-register the biological and genetical difficulties h a v e been 
analysed. In 1966 4360 twinnings (3.62%) of 120,375 Hungarian Spotted cows resulted 
in 8727 calves; laborious parturi t ion was observed in 31.65% of the cases: from those delivered 
998 were dead a t birth (11.43%); 2121 died u p to weaning (27.44%) and 731 cows h a d to be 
eliminated for subsequent infertil i ty (16.76%). In 1969 5435 twinnings (3.37%) of 160.864 
cows resulted in 10.882 calves; laborious par tur i t ion was observed in 37.38% ; f r o m those 
delivered 1562 were dead at b i r th (14.36%); 2829 died up to weaning (30.35%) and 987 cows 
were eliminated for subsequent infertility (18.16%). Disposition to twinning is a complicated 
(polymeric) t ra i t which has been demonstrated in family-progeny studies, but its inheritance 
is low (h2 = 0.04—0.25) al though it differs among the various breeds. Heterosexual twins in 
the Hungarian Spotted cattle registered as female showed infertility in 96% (intersexuality). 
21.8% of these could not be used to mast. Chromosome abnormalities were also observed 
among these twins (chimerism); in female twins of identical sex 45.4% could not be fecundated 
due to congenital infertility. The author indicates the health and economic disadvantages tied 
up with twinning in cattle. In the dairy breeds bull-offsprings f rom twinnings are no t advised 
to be introduced to breeding. If the biological difficulties could be overcome twinning would 
still remain a technique of several disadvantages and a careful economic analysis is indispen-
sable before introduction to the general practice. 
I n t r o d u c t i o n 
I n t h e p a s t f e w y e a r s in o r d e r t o i n c r e a s e b e e f p r o d u c t i o n r e s e a r c h h a s 
o r i e n t a t e d t o w a r d s i n c r e a s i n g t h e n u m b e r of t w i n b i r t h s . I n t h e u n i p a r o u s 
d o m e s t i c a n i m a l s p e c i e s t h i s e f f o r t e n c o u n t e r e d n u m e r o u s b i o l o g i c a l d i f f i -
c u l t i e s . 
R e c e n t l y t w i n n i n g h a s g a i n e d c e r t a i n i m p o r t a n c e in c a t t l e . W h i l e in 
c o u n t r i e s w i t h i n t e n s i v e d a i r y h u s b a n d r y t h e a c t u a l i t y o f mi lk p r o d u c t i o n h a s 
d e c r e a s e d , t h e i n t e r e s t o f r e s e a r c h w o r k e r s in a n i m a l b r e e d i n g h a s t u r n e d to 
b e e f p r o d u c t i o n b y i n c r e a s i n g t h e n u m b e r of t w i n n i n g s . 
T h e f r e q u e n c y o f t w i n n i n g in t h e u n i p a r o u s b o v i n e v a r i e s a c c o r d i n g t o 
b r e e d s a n d h e r d s . R e s u l t s p u b l i s h e d i n t h e l i t e r a t u r e r e f e r t o 0 .06 — 2 9 . 4 % t h e 
l a t t e r f i g u r e w a s o b t a i n e d in a S i m m e n t h a l b r e e d i n g h e r d ( H A N S E N 1 9 6 8 ) . 
I t h a s b e e n k n o w n l o n g s ince t h a t c e r t a i n c o w s g i v e b i r t h t o t w i n s re-
p e a t e d l y i n t h e i r l i f e t i m e . I n a s t u d y o f 3 8 , 0 0 0 d e l i v e r i e s of 1 5 , 3 8 9 c o w s i t was 
c o n c l u d e d t h a t f r e q u e n c y of t w i n n i n g i n c r e a s e d w i t h t h e n u m b e r o f c a l v i n g s , 
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among cows del iver ing for t h e f i r s t time it w a s 0 .54% and f o r the 5th ca lv ing 
i t increased t o 3 .37%. 
Having t a k e n into considerat ion these f a c t s the he r i t ab i l i ty is a p p r o x i -
mately 0.25. T h e mode of inher i t ance of t w i n n i n g was descr ibed by s eve ra l 
authors as a s imple recessive t r a i t with i ncomple t e p e n e t r a t i o n . 
To our p r e s e n t knowledge the disposi t ion to twinn ing is a compl ica ted 
(polymeric) t r a i t : t he deve lopmen t and m a t u r a t i o n of n u m e r o u s follicles i n 
t h e ovaries as well as po lyovula t ion are i n f l u e n c e d by env i ronmen ta l f a c t o r s 
too . 
The g r ea t e s t par t of mu l t i p l e concept ions occurs as s imul taneous f e c u n -
dat ion, po lyembr iony being relat ively rare . Monozygotic t w i n s are a p p r o x i -
mate ly 5 per c e n t of twinn ings ; and a high 2 4 . 5 9 % f r e q u e n c y was pub l i shed 
only from J a p a n in b lack-spo t ted cattle. Mul t ip l e ovula t ions were p r o v o k e d 
exper imenta l ly in several a n i m a l species b y in jec t ing gonado t rop ins so i t is 
reasonable t o a s sume tha t in spontaneous po lyovula t ions t h e gonado t rop in 
levels are increased which r e su l t s in mult iple conceptions. I n cat t le the f e r t i -
lized ova, a f t e r polyovula t ion, m a y survive a s long as 30 d a y s , al though t h e 
greater the n u m b e r of fert i l ized ova the h igher t h e embryona l morta l i ty a f t e r 
t h a t time. Cyst ic ovaries are m o s t f requent ly f o u n d in dairy ca t t l e breeds a n d 
t h e appearance of n y m p h o m a n y is a consequence of an a l t e red endocr ine 
sys tem. In beef ca t t l e breeds t h e incidence of n y m p h o m a n y is ra re , which s u p -
po r t s their be t t e r -ba lanced endocr ine sys t em. 
Mater ia l and m e t h o d s 
In our biométrie research 96% of the twinnings was dizygotic, t h a t means, their genetic 
background is qui te different. According to the studies even in the cows genetically disposed 
to twinning, polyovulation does not always result in twinning. The simultaneous fecundation 
may be influenced by the quality of the semen. The implantat ion of the fertilized ova is also 
influenced by the physiological environment prevailing in the uterine epithelium, the embryo 
is often resorbed or one of the twins dies in the u te rus and is aborted. The viability of the 
twins is greatly influenced by management and feeding factors, the hea l th condition of the 
dam, different infection etc. 
However, experience argues in favour of genetical disposition to twinning; 
1. There is a difference in the incidence of twinn ing among the different breeds. I n 
certain herds the number of twinnings varies even within the same breeds ( L U S H 1 9 2 5 ) . Lush 
analyzed data for 1.5 million calvings and demonstrated that the incidence of twinning is 
related to breeds; in the Black-Spotted 4 .6%, Norwegian Hornless 2.9%, Danish Red 2.87%, 
J e r s e y 1 .18%. 
2. The dams born as twins give birth to twins more frequently t h a n those from single 
calving within the same herd ( J O H A N S S O N 1 9 3 2 , R A B E 1 9 6 1 ) but the reproducibility of twin-
ning is little ( L A B H S E T W A R et al. 1 9 6 2 ) . 
3. In cow families with a disposition to twinning the repeated occurrence of the phenom-
enon can be followed up to 4 or 5 generations (HÁMORI 1970). 
4. It is generally agreed that careful selection to twinning may be successful (BRODAUF 
1 9 6 3 , HOLTZ et al. 1 9 7 0 ) : but on the other hand, in Virginia, selection for twinning was per-
formed for some 25 years without any noticeable results. 
5. The genetical disposition to twinning t ransmit ted by the sire is demonstrated by the 
fac t that the daughters of certain bulls give birth to twins in a much higher proportion (LUSH 
1925, etc.). 
Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
TWINNING I N CATTLE 13 
In 2 8 6 2 cow descendants (offsprings) of 6 3 British-Friesian bul ls used in art if icial in-
semination 2.8% twinning occurred bu t 8.8% difference could be demonstra ted be tween 
certain bull-families. 
The great number of publ ica t ions dealing w i t h the genetics a n d incidence of twinnings 
refers to the fac t t ha t the mode of inheritance is no t a simple one in t h e uniparous species, 
and several papers clearly indicate t h a t the familiar disposition to t w i n n i n g is rather f r e q u e n t 
in cattle. 
The lowest incidence of tw inn ing could be demonstra ted in beef cat t le herds; it t akes 
0 .5% in the Hereford and Aberdeen-Angus cows. This supports the low inheritance of dispo-
sition to twinning in the beef ca t t l e breeds. In t he Uni ted States i n j ec t ion of pregnant mare ' s 
serum on two occasions increased t h e frequency of twinnings in beef ca t t le , but no response 
was observed with the gonadot rophin t rea tment of beef cattle in E n g l a n d ( R O W S O N et al. 1 9 6 9 ) . 
Results 
In dua l purpose and d a i r y breeds t h e n u m b e r of t w i n n i n g s is r a t h e r h igh 
and a m o n g these the S i m m e n t h a l breeds a n d crosses have t h e highest inc idence 
as i t is shown in Table 1. 
Table 1 
The frequency of twinning in different breeds 
Breed 
N u m b e r of 
I ca lvings 
s tud ied 
T w i n n i n g s 
number % 
Simmenthal 12,625 582 4.61 
Hungarian Spotted 1966 120,375 4360 3.62 
Hungar ian Spotted 1969 160,864 5435 3.37 
Swedish Friesian 24,670 820 3.32 
Swedish Red Spot ted 53,554 992 1.85 
Swedish Hornless 3,751 68 1.81 
German lowland ca t t l e 12,502 246 1.97 
Finnish Ayrshire 57,082 750 1.31 
New Zealand Jersey 87,926 901 1.02 
The n u m b e r of monozygous twins expressed as a p e r c e n t a g e of t h e t o t a l 
twinnings var ied between 0.05 and 0.28 in t h e above m e n t i o n e d herds. The 
monozygot ic twins are of g r e a t interest fo r scientific (exper imenta l ) r easons . 
The mono and dizygotic m a l e twins could be dist inguished n o t only on a mor -
phological basis bu t by t h e i r sexual behav iou r and the q u a l i t y of the semen 
( B I E L A N S K I et al. 1 9 6 6 ) . I n t h e uniparous labora tory a n i m a l s it is r e la t ive ly 
simple to establ ish lines a n d s t ra ins for t w i n n i n g by inb reed ing . The u n i p a r o u s 
ca t t le species would need e ight generat ions i.e. roughly 40 y e a r s to obta in 8 7 % 
inbreeding, which is one of t h e reasons to disregard the poss ibi l i ty of increasing 
t h e n u m b e r of twinnings b y genetical m e a n s ; in cattle b r e e d i n g it is genera l ly 
considered as an undesired w a y of r ep roduc t ion ( P E T E U — C A L O T A I U 1 9 6 7 ) or 
a t least unsu i tab le for inc reas ing beef p roduc t ion . 
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Based on t h e H u n g a r i a n breeding-regis te r and p r o g e n y tests b e t w e e n 
1956 and 1966 2 . 9 % of t h e cows showed abo r t i ons . 3 8 . 1 % of these was t w i n 
abor t ion ( 4 6 2 , 2 4 9 regis tered cows) . In t h e s t a t e owned f a r m s of 1 5 9 , 6 9 1 cows 
regis tered fo r breeding 7 5 . 4 % calved, 4 3 6 0 calved t w i n s ( 3 . 6 3 % ) and t h e r e 
were only s even cases of t r i p l e twinnings . I n 1 9 6 9 among t h e 1 6 0 , 8 6 4 c a l v i n g s 
of 2 1 9 , 9 1 2 reg is tered cows i n t h e s ta te o w n e d f a rms t h e r e occurred 5 4 3 5 
twinnings ( 3 . 3 7 % ) and 1 2 c a s e s of triple t w i n n i n g were r e c o r d e d . The h e t e r o -
sexual twins showed an e x t r e m e l y high pe r c e n t of i n f e r t i l i t y ( 9 6 % ) . A c c o r d i n g 
t o t h e s tud ies per formed o n a great n u m b e r of an imals in t h e s ta te o w n e d 
f a r m s nea r ly hal f of the h e i f e r s born as t w i n s showed i n f e r t i l i t y due to g e n i t a l 
hypoplas ia ( in te r sexua l i ty ) w h i c h in t u rn l ed t o an increase i n ca t t le i n f e r t i l i t y . 
T w i n n i n g in cat t le h a s several o t h e r d i s a d v a n t a g e s : t h e ges ta t ion of 
tw ins to t e r m imposes a g r e a t physiological b u r d e n on t h e d a m which s h o u l d 
be in good phys ica l cond i t ion a n d of f i rm cons t i tu t ion . I t is well known t h a t 
tw inn ing is a l w a y s accompl i shed by l abor ious p a r t u r i t i o n (expedial ly if m a l e 
tw ins are concerned) because of t he p r e s e n t a t i o n of t h e t w i n s , mainly a n ad -
verse p r e s e n t a t i o n , the s i m u l t a n e o u s p r e s e n t a t i o n of t h e l i m b s of the t w i n s in 
t h e female gen i t a l t r ac t , e t c . I n 4 0 — 4 8 % of t h e p a r t u r i t i o n s the p l a c e n t a or 
p a r t s of i t a r e re ta ined ( C O M B E R G — V E L T E N 1 9 6 2 ) . A l t h o u g h the d u r a t i o n of 
ges ta t ion is u s u a l l y s h o r t e n e d b y one week as compared t o single fe tuses , t h e 
ca lving i n t e r v a l is prolonged b y 6.4 — 6.5 d a y s a n d the n u m b e r of i n semina t ions 
leading to concept ion a lways increases . T h e incidence of s t e r i l i t y is much h i g h e r 
a f t e r p a r t u r i t i o n of twins ( 2 5 % higher on t h e average) b e c a u s e of the a b r a s i o n s 
a n d the s u b s e q u e n t i n f ec t i on of the gen i t a l t r ac t . As a consequence, t h e 
n u m b e r of cows e l iminated f r o m breeding a f t e r twinn ing is 16 per cent h i g h e r 
t h a n a f t e r s ingle calving. T h e milk and m i l k f a t p r o d u c t i o n also decreases 
a f t e r t w i n n i n g because t h e g e s t a t i o n m e a n s a n abuse t o t h e d a m : the dec rease 
in milk p r o d u c t i o n m a y r e a c h 4 6 % ( H E N D Y — B O W M A N 1 9 7 0 ) . I n the case of t w i n 
fe tuses t he a b o r t i o n ra te is m u c h higher t h a n in those of s ing le fetuses ( P H I L I P -
S E N 1 9 5 6 ) . T h e b i r th weight of twins is 2 0 — 3 0 % lower, t h e i r vi ta l i ty r e d u c e d , 
t h e y require special care a n d a re more suscep t ib le to i n f e c t i o n s , which m e a n s 
t h a t p r e n a t a l mor t a l i t y is m u c h higher a m o n g twins t h a n a m o n g single ca lves ; 
t h e p r e n a t a l m o r t a l i t y in a Br i t i sh -Fr ies ian h e r d was 8 p e r c e n t and in a f a r m 
a t t h e U n i v e r s i t y of N e b r a s k a 23 per cent h ighe r among c a l v e s f rom t w i n n i n g s . 
T h e incidence of s t i l lborns is ex t remely h igh in t w i n n i n g s : in a H o l s t e i n -
Fr ies ian h e r d a t t h e Cornell Un ive r s i t y i t w a s 7 .6% in t h e single calvings a n d 
34 .4% in t h e twinn ings ; in a n o the r H o l s t e i n - F r i e s i a n h e r d 9 . 6 5 and 2 2 . 7 % a n d 
in a great Hols te in -Fr ies ian h e r d at W a s h i n g t o n 12.5 a n d 3 8 % of t he ca lves 
were born d e a d in single a n d twin b i r ths , respect ively . T h e same i n d e x w a s 
5 . 3 and 2 3 . 7 % , respect ive ly , i n a Hols te in-Fr ies ian herd i n Ohio. In t h e H u n -
gar ian S p o t t e d cat t le t h e obse rva t ion of 4 3 6 0 and 5 4 3 5 twinnings s h o w e d 
labor ious p a r t u r i t i o n in 3 1 . 6 5 a n d 3 7 . 3 8 % , a m o n g the ca lves 1 1 . 4 3 and 1 4 . 3 0 % 
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were born dead or d ied within a f ew hours af ter b i r t h . Up to wean ing 21.44 a n d 
30 .35% of the rest we re lost. Among t h e heifers b o r n as twins 16.76 and 18.16% 
were el iminated fo r infer t i l i ty (Table 2). 
Table 2 




N u m b e r of 
calves 
Calves d e a d Laborious 







No. % No. % No. % No. % 
1966 4360 8728 998 11.43 1380 31.65 2121 27.44 731 16.76 
1969 5435 10,882 1562 14.36 2032 37.38 2829 30.35 987 18.16 
In the he te rosexua l twins t h e e ry throcy tes and the leucocytes show 
mosaicism as well as their haemoglobin and t r ans fe r r in t y p e s ; th is can be 
used to learn the i r single or double ovulation or igin which f u r t h e r cont r ibutes 
to t h e s tudy of b lood-groups . Sensi t ive and ex t ens ive serological studies m a y 
help, besides o ther me thods , to p red ic t if the he i fe r - twin is t o be fecunda ted 
or n o t . I t is of g r ea t economic impor t ance because heifer- twins m a y be in t ro-
duced to feeding ear l ie r . F u r t h e r m o r e , twins a re less suitable fo r feeding t h a n 
singles. I n H u n g a r y s tudies have shown a 45 .4% occurrence of s ter i l i ty among 
heifer- twins ( H Á M O R I — R Ó N A Y 1965b) and in t h e red-dobruds ian cat t le 3 0 % 
of t h e heifer twins p roved to be s ter i le (PETEU—CALOTAIU, 1967). The heifers 
born as he terosexual twins are usua l ly sterile ( f reemar t in i sm) a n d 21.8% of 
t h e m show poor f o o d conversion, the i r weight ga in is inferior t o those bo rn 
single, because of t h e i r unba lanced endocrine s y s t e m and metabo l i sm (HÁ-
MORI—RÓNAY 1965a) . 
Venous-anas tomoses in t h e p lacenta a re m o r e f r equen t l y and f i r m l y 
developed if the f e t u s e s are s i t u a t e d in the s a m e horn of t h e u t e r u s : b lood-
mix ing was always demons t r a t ed . On the o ther h a n d , with f e tuses developing 
in t h e separa te h o r n s of the u t e r u s the lack of anas tomoses is possible a n d 
the i r genital t r a c t m a y develop normal ly . 
T h e dizygotic t w i n calves a re immunologica l ly to lerant aga ins t f r a t e rna l 
an t igens . 
Studies were pe r fo rmed in E n g l a n d to i nduce twin-ges ta t ions b y hormone 
in jec t ions , bu t t h e tw in -ges t a t ions had so m a n y d i sadvan tages t h a t it was 
disregarded as a possible way fo r increasing beef product ion . The Nor th -
G e r m a n Cattle Breede r s Association imposes c a r e f u l selection aga in s t twinning 
in ca t t l e . Recent ly , a t t en t ion w a s focused bes ides hormonal t r e a t m e n t a n d 
ovu la t ion synchroniza t ion — on fer t i l ized ova t r a n s p l a n t a t i o n in order to in-
crease t h e n u m b e r of zygotes. 
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T h e chromosome pic ture of he t e rosexua l (dizygotic) twins was s tudied by 
a Ц И Т Ь Е Г of research workers all o v e r t h e world. B A S R O U R et al. ( 1 9 7 0 ) dem-
o n s t r a t e d t h e presence of X X / X Y sex-chromosome chimerism in quadruple 
twins , wh ich was i n d e p e n d e n t of t h e sexua l p h e n o t y p e and had a s imi lar dis-
t r i bu t ion b o t h in males and females. O n t h e basis of sexual ch romosome chimer-
ism t h e ear ly predic t ion of s ter i l i ty is possible in the he t e rosexua l twins 
( K A N A G A W A et al. 1 9 6 5 ) . 
In t e re s t ing s tud ies were p e r f o r m e d in the bul l -brothers of he terosexual 
t w i n n i n g s of in te rsexual ( f reemar t in) individuals concerning t h e f e r t i l i t y and 
ch romosome p a t t e r n . T h e author f o u n d (1971) ce r t a in cow families w i t h a high 
incidence of low concept ion ra te a n d steri l i ty, d u r i n g 3 — 5 genera t ions ; in a 
twin-pa i r f r o m one of these families X X / X Y gonosomal chimerism was dem-
o n s t r a t e d wi th concomi tan t male p s e u d o h e r m a p h r o d i t i s m and in te rsexual i ty 
in b o t h calves; in an o the r twinning w i t h an a p p a r e n t l y normal 60 X Y caryo-
type one of t h e calves showed male p seudohe rmaphrod i t i sm and in te rsexual i ty 
while t h e o ther had cryptorchism. 
I t was observed in the clinical, cytogenet ical and seminal s tud ies on 
pheno typ ica l ly female b u t in fact in te r sexua l twins t h a t not on ly t h e inter-
sexual calves with f emale appearance b u t their bul l -brothers too s h o w devel-
o p m e n t a l abnormal i t ies , semen of r e d u c e d fert i l i ty or even s ter i l i ty in which 
an u n b a l a n c e d ho rmona l system, me tabo l i sm and poor food convers ion could 
be d e m o n s t r a t e d . To sum u p , the bul ls f r o m heterosexual twinning a r e inferior 
in twinn ings , inferior in fert i l i ty, h a v e worse food conversion, l ighter s laughter 
weight t h a n those f r o m single b i r t h . 
Conclusions 
Based on the a b o v e ment ioned f ac t s it can be concluded t h a t twinning 
in ca t t l e is a sophis t icated breeding t echn ique wi th several d i sadvan tages . In 
order t o p u t twinning into pract ice fo r increasing beef p roduc t ion fur ther 
p re l imina ry economic analysis and p rac t i ca l eva lua t ion are necessa ry and it 
is no t advised to in t roduce bul l -offsprings from twinn ings to b reed ing . 
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ROLE OF LICHENS IN THE NITROGEN TURNOVER 
OF GRASSLAND COMMUNITIES ON SANDY AREAS 
By 
K . V E R S E G H Y , E . K . L Á N G 
MUSEUM OF N A T U R A L SCIENCES; E Ö T V Ö S LORÁND U N I V E R S I T Y , 
D E P A R T M E N T O F P L A N T TAXONOMY A N D P L A N T G E O G R A P H Y , BUDAPEST 
Seasonal changes in the total N content of the xerophyte terricolous lichens 
Cladonia magyarica, Cl. furcata, Cl. convoluta and Parmelia pokornyi, as well as their 
role in the nitrogen turnover of the communi ty were s tudied over two years (May 
1970—April 1972) in grassland communities of sandy areas. Total N content in the 
lichen thalli — generally a value below 1 per cent — shows intensive seasonal changes. 
Differences between the individual species are in relation with the structure of the 
thallus. The share and role of the individual species in the nitrogen turnover of the 
plant community are determined by their mass conditions. Their role is more impor tant 
in Brometum tectorum than in Festucetum vaginatae. The intensity of N turnover varies 
according to species and year. 
Introduction 
In t h e f r amework of invest igat ions in to the m a t e r i a l turnover of grass-
land communi t i e s on s a n d y areas in t h e I B P PT sect ion seasonal c h a n g e s in 
the to t a l N conten t of x e r o p h y t e terr icolous lichens were studied. T h e ob jec t s 
set were: 1. t o de te rmine t h e changes in t h e tota l n i t r ogen content of l ichen 
species and t h e lichen synus ia of communi t i es . 2. to r evea l the role of l ichens 
in the n i t rogen tu rnove r of grassland communi t i e s . 
In earlier inves t iga t ions the n i t rogen content of l ichens was f o u n d to 
range be tween fairly wide l imits (0.4 — 7.5 per cent r e l a t i ve to the d r y m a t t e r 
content ) . In general , t h e m o s t f requen t va lues are b e t w e e n 2 and 5 p e r cent 
( S M I T H , 1960a). According to inves t iga t ions m a d e by S H A P I R O (1971) t h e to ta l 
N conten t of terricolous l ichens (Cladonia alpestris, Cetraria islandica) collected 
in Karel ia and the ne ighbourhood of L e n i n g r a d was 0.4 — 0.6 per cent of the i r 
dry m a t t e r con ten t . B A S I L E V I C H — R O D I N (1971) found t h e N content of xero-
phy te l ichens in the s t eppe zone to be e x t r e m e l y low, n o t exceeding 1 p e r cent 
of the dry weight . 
The inves t iga t ions also included a s t u d y on t h e differences in n i t rogen 
content and metabol ic i n t ens i ty be tween t h e gonidia a n d hyphae of l ichen 
thalli . According to S O S A - B O U R D O U I L (1944), in the t ha l l u s of Usnea barbata 
the N con ten t is much h igher in the gonidia l layer t h a n in t h e central m e d u l l a r 
layer. Similar results were obtained in t h e course of de ta i led inves t iga t ions b y 
S M I T H (1960b) who found t h e algal l ayer t o have t h e m o s t active p a r t in the 
metabol ism of the tha l lus . I t had the h ighes t nitrogen con t en t as well as re-
spirat ion and absorp t ion ra t e . 
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It is t he n i t r o g e n compounds of soil, r a in w a t e r and fa l l ing dust t h a t m a y 
se rve as n i t rogen sources for t h e lichens. The f ixa t ion of a tmospher ic n i t rogen 
o n l y has a role in species whose gonidia cons is t of blue-green algae (Cyano-
phycea) ( H E N R I K S S O N 1 9 5 1 , B O N D — S C O T T 1 9 5 5 , S C O T T 1 9 5 6 ) . For the l ichen 
species studied b y us only soil a n d rain w a t e r can serve as n i t rogen sources , 
s ince all four of t h e m contain green algae (Chlorophycea). 
Material and Method 
Our investigations were carried out on the I B P model area near Csévharaszt in the 
Danube-Tisza Midregion. For its botanical characterization see V E R S E G H Y — L Á N G (1971). 
F r o m selected s tands of the annual (Brometum tectorum secaletosum) and perennial open 
calciphilous (Festucetum vaginatae danubiale) grasslands of sandy soil four xerophyte lichen 
species important in the community were collected every month from May 1970 to April 1972. 
The species studied were: Parmelia pokornyi (Körb.) Szat. , C.ladonia magyarica Vain.. CI. 
convoluta Lam., and two varieties of Cl. furcata : var. palmaea (Ach.) Nyl. and var. subrangi-
formis (Sandst.) Abb. occurring in masses on the area concerned. From the carefully cleaned 
and selected material air-dry samples of 3 g quantity each were analysed in 2—3 replications 
per species and t ime of sample taking. The dry matter was digested in a mixture of concentrated 
H 2 S 0 4 and H 2 0 2 , wi th Se added as a catalyzer, according to Kjeldahl 's method. From the 
dissolved material ammonia was released with NaOH, distilled through water vapour and 
absorbed by boric acid. Measuring was performed with 0.1 n HCl, in the presence of Groak's 
indicator. The results are expressed in mg % relative to the dry mat ter content of lichens. 
Calculations concerning the intensity of material turnover were made according to R O B E R T S O N 
(1957) and P R É C S É N Y I (1971). 
Results 
Changes in the total N content of different lichen species. In the s t ud i ed 
f o u r lichen species the to ta l N content is genera l ly below 1 per cent — in 
agreement w i th t h e results ob ta ined by B A S I L E V I C H — R O D I N ( 1 9 7 1 ) . T h e 
h ighes t total N c o n t e n t was f o u n d in Parmelia pokornyi, whi le i ts value in t h e 
o t h e r three l ichen species was lower . CI. furcata, CI. convoluta a n d Cl. magyarica 
show a declining order of succession, t h o u g h there are no grea t differences 
be tween the i nd iv idua l species, especially in t h e case of CI. convoluta and CI. 
magyarica (Table 1). It is supposed to be in connection w i th the i n t e r n a ! 
morphology of t h e lichen tha l lu s , with the r a t i o of thickness of the medu l l a r 
t o t h e gonidial l ayer . 
The ra t io of t h e medullar t o the gonidial layer in the species s tudied (as 
calculated on t h e basis of d a t a given by V E R S E G H Y 1 9 7 1 ) is shown in Table 2 . 
The gonidia l layer is re la t ive ly the t h i c k e s t in Parmelia pokornyi; t h e 
declining order of t h e ratio of medul la r to gonidia l layer in t h e species corre-
sponds to the i r n i t rogen c o n t e n t s . 
Seasonal changes in the nitrogen content. No invest igat ions have so f a r 
been made to de te rmine the seasonal changes of the n i t rogen content . S o m e 
d a t a were p r e s e n t e d by S M I T H (1960a) w h o collected Peltigera polydactyla 
tha l l i in various periods of t h e y e a r with t h e purpose of s t u d y i n g the n i t rogen 
t u r n o v e r in i ts discs. According to his m e a s u r e m e n t s the t o t a l N content of 
t h e discs ranged between 3.55 and 4.54 pe r cen t . Considerable f l uc tua t ions 
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Table 1 
Average values of total nitrogen content as calculated from data obtained every month 
in the period of May 1970— April 1972 mg % dry matter of lichens 
Species 
Festucetum vag ina tae , 
mg % 
Brometum tec to rum, 
mg % 
Cl. magyarica 530—680 580—800 
Cl. fareata 720—860 680—900 
CI. convoluta 500—700 600—800 
P. pokornyi 600—900 (700—1000) 
and 800—1000 
Table 2 




Gonidial layer , 
P R a t i o 
P. pokornyi 148 92.5 1.6 
CI. furcata 99.5 37.0 2.1 
Cl. magyarica Th.* 480 55.5 8.6 
Cl. magyarica Pod. 261 97.0 2.7 
Cl. Th. Pod. mean 370.5 76.25 4.8 
Cl. convoluta 185 27.7 6.6 
' Th. = thallus 
Pod. — podet ium 
occurred even wi th in a short pe r iod ; e.g., in N o v e m b e r a dif ference of 300 m g % 
was found be tween t h e ni t rogen con ten t s of samples collected w i th a week 's 
in te rva l . 
R e m a r k a b l e seasonal f l uc tua t i ons were f o u n d in the n i t rogen conten ts of 
t h e s tudied x e r o p h y t e lichen species too. Species wi thin the s a m e c o m m u n i t y 
show dif ferent behav iour , and even the same species does no t show ident ica l 
t r e n d s in two d i f f e r en t communi t i es . 
The t o t a l N conten t of t h e d i f fe ren t species displays a m o n t h l y f l u c t u a -
t ion , bu t seasonal changes can be observed as well. We t r ied to make t h e s e 
t r e n d s more expressed by the so-called " t e n d e n c y cu rves" fo rmed b y a seasonal 
s u m m a r i z a t i o n (3 mon ths average) of values m e a s u r e d every m o n t h . 
The t o t a l n i t rogen con ten t of Cladonia magyarica shows d i f fe ren t t r e n d s 
in t h e two communi t i e s . In Festucetum vaginatae m a x i m u m va lues were ob -
t a ined fairly regula r ly in a u t u m n in bo th years of t h e period of inves t iga t ion , 
while in Brometum tectorum t h e m a x i m u m to t a l n i t rogen con t en t appeared a t 
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Fig. 1. Seasonal changes in t h e total nitrogen con ten t of Cladonia magyarica in the grassland 
communit ies studied ( F. vaginalae, Brometum tectorum; S = summer, A = au tumn , 
W = winter, Sp = spring) 
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Fig. 2. Seasonal changes in the total nitrogen content of Cladonia furcata in the grassland 
communit ies studied ( F. vaginatae, Brometum tectorum; S = summer, A = au tumn, 




different t imes (Fig. 1). In the l a t t e r c o m m u n i t y th i s value was somewha t 
higher t h a n in the f o r m e r one. 
Changes in the t o t a l nitrogen c o n t e n t of Cladonia furcata show dif ferent 
t rends in t h e perennia l open calciphilous sandy grass land of Festucetum va-
ginatae a n d the a n n u a l (Brometum tectorum) g rass land communi ty of sandy 
soil. In Festucetum vaginatae the t o t a l N content of l ichen increased in winter 
in ho th yea r s of the pe r iod examined, while in Brometum tectorum t h e annua l 
r h y t h m w a s indis t inct (Fig . 2). The v a l u e s of N c o n t e n t are similar in t h e two 
plant communi t i es . 
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Seasonal changes in t h e N c o n t e n t of Cladonia convoluta d i f fe red in the 
two grass land communi t i e s only i na smuch as in t h e Brometum tectorum they 
showed a t empora ry decrease in t h e spr ing of 1971; o therwise t h e t r e n d of the 
changes was the same . No similar va lues were o b t a i n e d in the corresponding 
seasons of the two successive yea r s . In the a n n u a l grassland of s a n d y soil 
( Brometum) the to ta l N conten t of t h e lichen was on a n average h ighe r (Fig. 3). 
V VI VI I VI I I IX X XI xill il lil IV V vi vil vili IX X x i xill II III IV 
1970 1971 1972 
Fig. 3. Seasonal changes in the total nitrogen content of Cladonia convoluta in the grassland 
communities studied ( F. vaginatae, — Brometum tectorum; S = summer, A = autumn, 
W = winter, Sp — spring) 
mg V. N. 
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6 0 0 -
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Suff icient a m o u n t s of the l ichen species Parmelia pokornyi could only be 
collected for analysis f r o m the Festucetum vaginatae c o m m u n i t y . The total 
N con t en t of this species was genera l ly appa ren t ly higher t h a n t h a t of the 
o ther species analysed. T h e seasonal changes display a character is t ic periodicity. 
There are periods w h e n t h e tota l N con ten t increases t o such an e x t e n t t ha t 
even t h e minima exceed 800 m g % . (The m a x i m u m value is 2600 m g % !) in 
compar ison with t h e 700 —100 m g % values of the following period (Table 1). 
M a x i m u m N content generally occurs in the a u t u m n —winter per iod (Fig. 4). 
Total N content in the lichen synusia of the tivo plant communities. 
When compar ing t h e t o t a l N con t en t of lichen s y n u s i a in the t w o grassland 
communi t i e s we f ind grea t differences. The a v e r a g e values r a n g e between 
650 and 850 m g % . Once in the period of invest igat ion it rose above 1000 mg % 
in t h e perennial g rass land c o m m u n i t y ( Parmelia pokornyi !), h u t t h e lowest 
values were also f o u n d in this c o m m u n i t y . In t h e f i r s t year the t e n d e n c y of 
changes was found s imi lar in the t w o communit ies , h u t in the second year it 
was d i f fe rent (Fig. 5). Seasonal changes in the t o t a l N content of l ichen species 
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Fig. 4. Seasonal changes in the total n i t rogen content of Parmelia pokornyi in t h e Festucetum 
vaginatae grassland commun i ty ( F. vaginatae, Brometum tectorum; S = summer, 
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Fig. 5. Seasonal changes in the total N c o n t e n t s of lichen synusia in the grass land communities 
s tudied (—— F. vaginatae, —- Brometum tectorum) 
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living in t h e same c o m m u n i t y showed t h e following t r e n d s in the t w o - y e a r 
period: in Festucetum vaginatae it was o n l y in certain per iods t ha t t h e y were 
similar; e.g. in the spring of 1971 the t o t a l N content of 3 lichen species — CI. 
magyarica, Cl. furcata, Parmelia pokornyi — showed a decreasing t e n d e n c y 
compared t o t h e previous period (see t h e t endency curves in Figs 1, 2 a n d 4). 
In Brometum tectorum changes in the t o t a l N content of Cl. magyarica a n d CI. 
convoluta showed perfect ly similar t r e n d s , and even in CI. furcata it was only 
on one occas ion — in t h e spr ing of 1971 — t h a t any d i f fe rence was obse rved 
(see the t e n d e n c y curves of Figs 1 — 3). 
The total N content and the lichen phytomass. F r o m November 1970 
product ion analyses were also conducted on the expe r imen t area, as a con t in -
uation of inves t igat ions m a d e in the p rev ious years ( V E R S E G H Y — L Á N G , 1 9 7 1 ) . 
In this w a y a picture was ob ta ined of t h e a m o u n t of t o t a l nitrogen p r e sen t in 
the p h y t o m a s s of lichens on an area of 1 m2 of each grass land c o m m u n i t y . 
The a m o u n t of N present in a certain l ichen species per u n i t area reaches max i -
mum w h e n t h e phy tomass product ion is t h e highest a n d the pe rcen tage N 
content of t h e species concerned shows a minimum va lue . This a p p a r e n t 
cont rad ic t ion might be expla ined by t h e f a c t t ha t the t o t a l product ion of the 
species in ques t ion is a t t h a t t ime a t i t s max imum, a n d t h e a m o u n t of N 
relative to t h e other c o m p o n e n t s is lower. Thus the share and role of t h e indi-
vidual species in the N t u r n o v e r of the c o m m u n i t y may be determined b y the i r 
mass condi t ions . E.g, t h e t o t a l amoun t of N/m2 p roduced b y CI. furcata, t h e 
dominant l ichen species of t h e annual Brometum, while r ang ing usually b e t w e e n 
5 0 0 and 1 0 0 0 mg, a m o u n t s t o as much as 2 4 0 0 mg/m2 a t t h e t ime of m a x i m u m 
product ion . I n the species Cl. magyarica a n d CI. convoluta occurring in m u c h 
smaller masses values below 400 and 100 mg/m2 , respect ively , were f o u n d in 
general. (F ig . 6). In the perennia l grass land communi ty of Festucetum vaginatae 
the mass condi t ions of Cl. magyarica and CI. furcata were n o t essentially d i f fer -
ent, so t h e i r N contents pe r uni t a rea did not considerably differ e i t h e r : 
1 5 0 — 5 0 0 mg /m 2 in Cl. magyarica and 5 0 — 4 0 0 mg/m2 in CI. furcata. The species 
CI. convoluta and Parmelia pokornyi occur in essentially smaller masses ; the i r 
N con ten t s per 1 m2 a rea are usually be low 200 and 100 mg, respec t ive ly 
(Fig. 7). 
Our d a t a show, f u r t h e r , t h a t in Brometum tectorum t h e tota l N c o n t e n t 
of the p h y t o m a s s of l ichens is higher t h a n in t h e perennial Festucetum vaginatae 
due to t h e mass occurrence of CI. furcata. 
The intensity of nitrogen turnover. S M I T H (1962) p o i n t e d out t h a t l ichens 
took up w i t h relat ive easiness ni trogen compounds ava i lab le in their h a b i t a t . 
In spite of t h i s fact t h e incorpora t ion of t h e ni trogen compounds t a k e n u p , 
as well as t h e protein decomposi t ion of l ichens are very slow processes. Accord-
ing to S m i t h t h e low r a t e of protein t u r n o v e r is a general f e a tu r e of l ichens and 
is in connec t ion with the i r slow growth r a t e s and longevi ty . 
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Fig, 6. Quanti ta t ive changes in the total N content of lichen phytomass in the Brometum tecto-
rum grassland communi ty ( Cladonia furcata, Cladonia magyarica, —.— Cladonia con-
voluta) 
The i n t e n s i t y of n i t rogen turnover in lichens is charac ter ized b y t h e 
values of t u r n o v e r rate . T h e in tens i ty of me tabo l i c processes depends on en-
v i ronmenta l f a c to r s too. In t h e successive y e a r s of the inves t iga t ion period t h e 
env i ronmenta l fac tors showed different t r e n d s . As for the c l imat ic condi t ions , 
t h e most o u t s t a n d i n g differences were f o u n d in the a m o u n t and d i s t r ibu t ion 
of prec ip i ta t ion . In the f i r s t yea r of inves t iga t ion (April 1970 — March 1971) 
t h e amount of precipi ta t ion on t h e area s t u d i e d was 597 m m wi th m a x i m a in 
J u n e , Augus t a n d J a n u a r y . I n the second y e a r (April 1971 — March 1972) 
t h e amount of precipi ta t ion was as low as 376 mm; the per iod between M a y 
and Sep tember was especially remarkable fo r i ts very low a m o u n t of p rec ip-
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i t a t i on . The development of p lan t s in t h e grassland c o m m u n i t y as well 
as their condi t ions of compet i t ion changed paral lel wi th t h e above circum-
s tances . 
The t u r n o v e r ra te and t u r n o v e r t ime of n i t rogen in t h e f o u r lichen species 
s tud ied vary according to year a n d species. In Festucetum vaginatae the t u rnove r 
r a t e — i.e. t h e in tens i ty of n i t r ogen metabol ism — was lower in bo th years in 
Cladonia magyarica (0.35, 0.28),* Cl. furcata (0.37, 0.17) a n d CI. convoluta 
(0.56, 0.33) t h a n in Parmelia pokornyi (0.54, 0.79). 
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Fig. 7. Quantitative changes in the total N content of lichen phytomass in the Festucetum 
vaginatae grassland community ( Cladonia furcata, Cladonia magyarica, Cladonia 
convoluta, — — Parmelia pokornyi) 
Turnover ra tes were lower — with t h e except ion of Parmelia pokornyi — 
in t h e second y e a r than in t h e previous one, t h a t is, t he in t ens i ty of the ni t rogen 
tu rnove r decreased under t h e inf luence of t h e un favou rab l e env i ronmenta l 
condit ions. T h e tu rnover t i m e increased accordingly f rom 2.5 to 3.6 years in 
Cl. magyarica, f r o m 2.7 to 5.9 years in CI. furcata, f rom 1.8 to 3.0 years in 
CI. convoluta, whi le in Parmelia pokornyi decreased f rom 1.8 to 1.3 years. 
Especial ly grea t dif ferences were shown in the two successive years b y 
t h e nitrogen t u r n o v e r of CI. furcata; its i n t ens i ty decreased b y 50 per cent 
in the less f avou rab l e year ( the tu rnover t ime redoubled) . This lichen species 
showed a t o t a l l y similar b e h a v i o u r in t h e annua l c o m m u n i t y of Brometum 
tectorum, where i ts tu rnover r a t e decreased f rom 0.51 to 0.25. 
When in t h e perennial grassland c o m m u n i t y of s a n d y soil (Festucetum 
vaginatae) we s t u d y the n i t rogen tu rnover of t h e lichen synus ium as a whole 
* The first figure characterizes the period between May 1970 and April 1971, the second 
figure the period between May 1971 and April 1972. 
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we f i n d t h e turnover r a t e and t ime to be identical in t h e two years (0.43 and 
2,3 years) in spite of t h e fact t h a t t h e ni t rogen t u r n o v e r of the indiv idual 
species — as we could see — is d i f fe ren t . From the po in t of view of n i t rogen 
tu rnover t h e behaviour of the lichen synus ium differs f rom t h a t of t h e indi-
vidual species composing the synus ium. 
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EFFECT OF 6-METHYLURACYL AND 2-CHLORO-
ETHYL-PHOSPHONIC ACID ON THE FRUCTIFICATION 
AND CROP OF VARIOUS STRAINS OF CHAMPIGNON 
AGARICUS BISPORUS (LANGE) SINGER 
By 
I . R I M Ó C Z I , J . V E T T E R 
D E P A R T M E N T O F B O T A N Y , U N I V E R S I T Y O F H O R T I C U L T U R E , D E P A R T M E N T O F B O T A N Y , 
U N I V E R S I T Y OF V E T E R I N A R Y SCIENCES, B U D A P E S T 
The authors conducted experiments to study the effect of 6-methyluracyl and 
2-chloroethyl-phosphonic acid on the yield and fructif ication of various strains of 
champignon Agaricus bisporus (Lange) Singer under small-scale conditions. The ex-
amined strains were part ly the most o f ten cultivated ones (earlier; Pc-17: today D-13, 
F - l ) , partly those not widely introduced in Hungary as yet (SO-9, Z-3). I t was found 
t h a t both active agents — when added to the compost — considerably accelerated the 
appearance of frui t bodies compared to the untreated controls. Under the influence of 
the treatments the fructification periods became more even, especially in t he case of 
the strains SO-9 and Z-3. The active substances increased the yield averages of the 
strains D-13, F- l , SO-9 and Z-3 to a lower, while that of the strain Pc-17 to a consider-
able extent. The yield averages of the examined strains showed maximum values at 
different concentrations: the st imulation — though sometimes attaining 35—50 per 
cent — was 15—30 per cent on an average. 2-cloroethyl-phosphonic acid and the cyto-
kinin-type 6-methyluracyl-influenced fructification in strains showing different mor-
phological and physiological characteristics. This fact seems to prove t he growth-
regulating effect of the compounds used in the process of mushroom product ion too. 
The results of the experiments seem to be utilizable — af ter further investigations — 
under the large-scale conditions of mushroom production as well. Their physiological 
implications may contr ibute to studies on the mode of action of fructification, as well 
as of 6-methyluracyl and 2-chloroethyl-phosphonic acid. 
I n t r o d u c t i o n 
N o w a d a y s c h a m p i g n o n p r o d u c t i o n is one of t h e l a r g e s t - s c a l e b r a n c h e s 
of a g r i c u l t u r e . I t s u p p l i e s t h e m a r k e t w i t h v a l u a b l e n u t r i t i v e m a t e r i a l r e la -
t i v e l y i r r e s p e c t i v e of t h e s e a s o n . I n t h e m u s h r o o m p r o d u c i n g c o u n t r i e s a l l ove r 
t h e w o r l d g r e a t f i n a n c i a l a n d i n t e l l e c t u a l e f f o r t s a r e m a d e t o i n c r e a s e t h e y ie ld 
of c h a m p i g n o n p r o d u c t i o n . Fu l l m e c h a n i z a t i o n of t h e w o r k p r o c e s s e s , indi-
v i d u a l p h a s e s of p r o d u c t i o n , e s t a b l i s h m e n t of c o n t r o l l e d c o n d i t i o n b u i l d i n g s , 
i n t r o d u c t i o n of n e w p r o d u c t i o n t e c h n o l o g i e s , b r e e d i n g b y v a r i e t y s e l e c t i o n , 
p r e p a r a t i o n of t h e c o m p o s t a n d r e p l a c e m e n t of t h e h o r s e m a n u r e a r e t h e m a i n 
f i e l d s w h e r e t h e i n c r e a s e of y i e ld a v e r a g e s c a n b e e n s u r e d . 
I t w a s in t h e c o u r s e of s t u d v i n g t h e p h y s i o l o g i c a l p r o c e s s e s o f p l a n t s 
t h a t t h e p o s s i b i l i t y a r o s e of u s ing g r o w t h r e g u l a t o r s i n p l a n t p r o d u c t i o n . T h e 
c y t o k i n i n s w h i c h e x e r c i s e a m a n i f o l d a n d n o t f u l l y e x p l a i n e d e f f e c t o n m e t a -
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b o l i s m a r e of b a s i c i m p o r t a n c e i n t h e p r o c e s s e s o f g r o w t h a n d d e v e l o p m e n t 
( H E L G E S O N 1968 , P H I L L I P S 1971) . O u r w o r k is b a s e d on e x p e r i m e n t s p o i n t i n g 
o u t t h a t u n d e r t h e i n f l u e n c e of c e r t a i n b i o a c t i v e s u b s t a n c e s s t e r i l e m y c e l i u m 
c u l t u r e s of c h a m p i g n o n a n d o t h e r b a s i d i o m y c e t e s c h a n g e s w e r e f o u n d i n 
g r o w t h a n d o t h e r i n d u c e s of m e t a b o l i s m too ( V E T T E R — M A R Ó T I 1 9 7 1 , SZABÓ et 
al. 1 9 7 2 ) . T h e a i m o f o u r e x p e r i m e n t w a s t o s t u d y t h e e f f e c t of c o m p o u n d s f o u n d 
t h e m o s t a c t i v e ( 6 - m e t h y l u r a c y l a n d 2 - c h l o r o e t h y l - p h o s p h o n i c a c i d ) on t h e 
p r o d u c t i o n p e r i o d s a n d y ie lds o f f i v e c h a m p i g n o n s t r a i n s u n d e r s m a l l - s c a l e 
c o n d i t i o n s . 
M a t e r i a l a n d M e t h o d 
In our experiments we studied various strains of t he cultivated mushroom Agaricus 
bisporus (Lange) Singer. These more or less differ from one another regarding their morphology 
and production biology. Strains included in the experiments were D-13, F - l , Pc-17, SO-9 
and Z-3. These strains belong to different forms of Agaricus bisporus var. albidus (Lange) Singer 
( S I N G E R 1961). D-13 is a monosporal inbred strain originating from Denmark, with white or 
slightly creamy colour, flattened pileus and cylindrical s t em: it can be ranked with f. langei 
Bohus. The pilei of f ru i t bodies in the inbred strain of F - l are more or less sunken, concave or 
flat . The surface of the cream-coloured skin of the pileus m a y be fibrous or lamellar. Its stem 
is short and conic, therefore this strain belongs to F. conicopus Bohus. Pc-17 has been developed 
from a wild strain: it is of a creamy colour similar to t h a t of the former s t ra in , but its pileus 
is convex or flat at the most, and the skin of the pileus is more intensively scaled, tomentose 
and broken. The stem is thick, cylindrical. It can be ranked with f. langei Bohus (UzONYl— 
B O H U S 1962). Z-3 is closer to F-l while SO-9 to D-13. 
The experiments and the evaluation were carried ou t a t the Department of Botany and 
in the Botanical Garden of the University of Horticulture as well as at the Department of 
Botany of the University of Veterinary Sciences. A plast ic bag-production technology well 
proved abroad and in the Duna Co-operative Farm was modified and adapted to our small-
scale experiments, as already described in an earlier paper (RIMÓCZI—VETTER 1973). The effects 
of 2-chloroethyl-phosphonic acid and a pyrimidin derivat ive; 6-methyluracyl were studied. 
The concentrations used were; 2.5, 5.0, 20 ml/1.5 kg compost of 1000 ppm aqueous solution of 
6-methyluracyl and 100 ppm aqueous solution of 2-chloroethyl-phosphonic acid. In the ex-
periments the t r ea tments were performed with six simultaneously started replications per 
strain. In the course of the experiment we followed with a t tent ion the time of appearance of 
the frui t bodies, the periodicity of production waves, and weighed the amount of yield (kg/q 
compost). In each case only first-class f r u i t bodies possessing intact velum were picked. Data 
on the production waves are presented in detail, wi thout averaging, total led according to 
t rea tment : the yields on the basis of our earlier work with the means (as a percentage of the 
control as well) and the error ( V E T T E R — M A R Ó T I 1 9 7 1 ) . 
Resul t s 
I n o u r p r o d u c t i o n e x p e r i m e n t s t h e e f f e c t o f v a r i o u s q u a n t i t i e s of 6 -
m e t h y l u r a c y l a n d 2 - c h l o r o e t h y l - p h o s p h o n i c a c i d a d d e d to t h e c o m p o s t on t h e 
p e r i o d of f r u c t i f i c a t i o n a n d a m o u n t of y i e l d w a s s t u d i e d w i t h f i v e s t r a i n s o f 
c h a m p i g n o n . F o l l o w i n g t h e c a s i n g , t h e m y c e l i u m i n t e r w o v e t h e p e a t y s a n d -
s t o n e p o w d e r i n a v e r y s h o r t t i m e . T h i s p r o c e s s c o u l d b e f o l l o w e d e s p e c i a l l y 
w e l l a t t h e e d g e s o f t h e p l a s t i c b a g s . T h e f r u i t b o d y f u n d a m e n t s m o s t l y a p p e a r e d 
in g r o u p s c lose t o t h e edges of t h e p l a s t i c b a g s 1 — 1 . 5 m m d e e p u n d e r t h e c a s i n g 
a n d r o s e t o t h e s u r f a c e w i t h 2 — 5 m m d i a m e t e r s . Al l t h i s t o o k p l a c e in t h e 
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control bags in the t h i r d and f o u r t h week af ter p l a n t i n g , depending on the 
s t ra in . Thus in s t ra ins D-13 and SO-9 t h e first r ipe mushrooms a p p e a r e d on 
t h e 32nd, while in s t r a in F - l on t h e 33rd day. W i t h s t ra in Pc-17, r ipe f ru i t 
bodies could only be f o u n d on the 35 th , and in the case of Z-2, on t h e 37th day 
a f t e r p lan t ing . According to our observa t ions , the deve lopmen t of s t r a i n Pc-17 
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Fig. 1. Trend of the fructification period of the champignon strain Z-3 on compost treated 
with 6-methyluracyl and 2-chloroethyl-phosphonic acid. Abscissa: days from plantat ion; ordi-
nate: daily amounts of yield as a percentage of total yield 
Z-3 is closer to Pc-17. As to its rapid g rowth and deve lopmen t the t h i r d cream-
coloured strain — F - l — is similar t o t h e white D-13 a n d SO-9 s t ra ins . 
In general, f ruc t i f i ca t ion s t a r t ed earlier on t h e t r e a t e d bags t h a n on the 
controls . The t ime t h e f r u i t bodies a p p e a r e d depended on the strain a n d on the 
concent ra t ion of the ac t ive subs tance used. The h ighes t effect was f o u n d in 
s t ra in Z-3, where ripe f ru i t bodies were picked as ea r ly as on the 28th a n d 29th 
d a y a f t e r p lant ing wi th all concent ra t ions of the ac t ive substance, whi le in the 
control only the f i rs t f r u i t body f u n d a m e n t s appea red a t t ha t t i m e (Fig. 1). 
In s t ra in Pc-17 the f i r s t f ru i t bodies were picked seven days earlier t h a n in the 
control (Fig. 2). In s t r a in F - l t he f i r s t f ru i t bodies were picked on t h e 25th 
and 26 th day , while on normal c o m p o s t the same s t r a in only g a v e ma tu re 
f ru i t bodies on the 34 th d a y (Fig. 3). T h e white f r u i t bodies of s t r a in s SO-9 
and D-13 appeared on t h e enriched c o m p o s t on t h e 2 6 t h day alike, 5 — 6 days 
earlier t h a n in the cont ro ls of the s a m e strains (Figs 4 and 5). 
Dur ing the t w o - m o n t h period of cult ivation t h e number of p roduc t ion 
waves was generally six. Applicat ion of 6 -methy lu racy l and 2-chloroethyl-
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Fig. 2. Fructification period of the champignon strain Pc-17 on compost treated with 6-
methyluracyl and 2-chloroethyl-phosphonic acid. Abscissa: number of days from plantation: 

























см CL F-1 
Fig. 3. Effect of t r ea tments with 6-methyluracyl and 2-chloroethyl-phosphonic acid on the 
fructification period of the champignon strain F-l . Abscissa: days from planta t ion: ordinate: 
daily amounts of yield as a percentage of total yield 
Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 

























ж: l 11 ' ®11 days 
SO-9 
Fig. 4. Trend of the fructification period on compost treated with 6-methyluracyl and 2-
chloroethyl-phosphonic acid in the case of the champignon strain SO-9. Abscissa: days from 
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Fig. 5. Trend of the fructification period of the champignon strain D-13 on a compost treated 
with 6-methyluracyl and 2-chloroethyl-phosphonic acid. Abscissa: days from planta t ion; ordi-
nate: daily amounts of yield as a percentage of to ta l yield 
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phosphonic acid modif ied t h e p roduc t ion w a v e s observed in t h e controls b u t 
p a r t l y . It is charac te r i s t i c t h a t t h e first two or th ree p roduc t ion waves give 
70 — 80 per cent of t h e tota l y ie ld . They are c loser to each o t h e r in time, whi le 
be tween the l a s t waves in te rva l s of even 8 — 1 0 days may occur . Both ac t ive 
subs tances m a k e t h e p roduc t ion waves more e v e n . This can b e best seen in 
s t r a ins SO-9 a n d Z-3 (Figs 1 a n d 4). The per iod of cul t ivat ion is no t completed 
earl ier under t h e influence of t h e t r ea tmen t s (except in some cases in s t ra in 
F - l ) . 
20 
.0 -
kg y i e l d / I q compost 
• D-13 
• F-1 





6 - methyluracyl 
2- chloroethylphos -
phonic acid 
Fig. 6. Trend of yield (kg/q compost) in the champignon strains D-13, F - l , Pc-17, SO-9 and 
Z-3 on a compost t rea ted with var ious concentrations of 6-methyIuracyl and 2-cliloroethyl-
phosphonic acid. T h e presented values of ml represent t h e quantities per 1.5 kg compost of a 
1000 ppm stock solution of 6-methyluracyl and 100 p p m stock solution of 2-chloroethyl-
phosphonic acid 
On a c o m p o s t which does n o t contain a n y active subs t ance , strain D - 1 3 
shows the h ighes t yield ave rage (17.6 kg/q compos t ) . This ju s t i f i e s — a m o n g 
o thers — t h e f a c t t h a t D-13 is t h e most i m p o r t a n t s t rain in cul t ivat ion a t 
p resent . The y i e ld average of F - l is 16.7 k g / q compost, whi le t h a t of SO-9 
15.3 kg/q c o m p o s t . In our exper imen t t h e lowes t yield was obtained w i t h 
s t ra in Z-3 (12.2 kg /q compost) (Table and F ig . 6 ) . The effect of 6 -methy l -u racy l 
a n d 2-chloroethyl-phosphonic ac id was felt in t h e increased y ie ld averages t o o . 
T h e yield a v e r a g e of D-13 was increased b y all concent ra t ions of 2-chloroethyl-
phosphonic ac id . T rea tmen t w i t h 5 ml so lu t i on of 100 p p m was especially 
efficient , inc reas ing the yield b y 42 per cent . T h i s 25 kg/q c o m p o s t yield ave rage 
was the h ighes t product ion r e s u l t in our e x p e r i m e n t series. E n r i c h m e n t w i t h 
6 -methy luracy l was successful only at lower concent ra t ions ( —(— 21 per c e n t ) , 
Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
EFFECT OF 6-METHYLURACYL AND 2-CHLOROETHYL-PHOSPHONIC A C I D 35 
Table 1 
Effect of 6-methyluracyl and 2-chloroethyl-phosphonic acid on the yield averages 
of Agaricus bisporus (Lange)Singer strains, x = yield average (kg/q compost); 
s — error; % — yield average as a percentage of the untreated control. The given con-
centrations mean the ml amounts of a 1000 ppm basic solution of 6-methyluracyl and 
100 ppm basic solution of 2-chloroethyl-phosphonic acid per 1.5 kg compost 
Champignon strain Control 
6 - m e thyiuraeyl (in 





acid ( in ml-s of the 
bas ic solution 
2.5 5.0 20.0 2.5 5.0 20.0 
X 17.6 21.2 20.2 17.6 21.4 25.0 20.0 
D-13 s 2.8 2.2 2.3 1.7 2.1 3.3 4.0 
0 / 
/ 0 100 121 115 100 122 142 114 
X 16.7 20.0 15.6 22.0 16.8 17.4 21.4 
F - l s 3.0 2.2 1.6 0.7 2.0 1.2 3.0 
/о 100 121 93 132 100 105 127 
X 14.6 19.0 16.3 17.5 18.0 19.2 17.3 
Pc-17 s 2.1 3.0 1.7 2.6 2.7 2.3 2.3 
/о 100 130 112 120 123 131 118 
X 15.3 18.8 19.2 17.8 17.6 14.7 18.8 
SO-9 s 2.3 1.4 2.8 2.6 3.4 4.9 2.7 
о/ 
/о 100 122 126 116 115 94 120 
X 12.2 14.3 18.4 16.6 16.8 14.0 18.0 
Z-3 s 3.1 1.8 2.6 3.7 2.8 1.3 2.9 
/0 100 117 152 137 137 115 147 
b u t resul ted in an earlier a p p e a r a n c e of f r u i t bodies at all concen t ra t ions . 
6 -me thy lu racy l , when applied a t concent ra t ions of 2.5 and 20 m l , increased t h e 
16.7 kg/q compos t yield average of s t rain F - l b y 21 and 32 p e r cent , respec-
t i v e l y , while t h e 5 ml t r e a t m e n t — j u s t like 2.5 a n d 5 ml of 2-chloroethyl -phos-
p h o n i c acid — p roved ineffect ive . A t the same t i m e , these concen t ra t ions h a d a 
f a v o u r a b l e , equal iz ing effect on t h e product ion per iod and t h e f i r s t f ru i t bodies 
could be picked a lmos t a week ear l ier . 
The yield average of s t ra in Pc-17 is 14.5 kg /q compost . B o t h active sub-
s t ances a t all concent ra t ions inc reased this v a l u e to the n e a r l y 18 kg yield 
a v e r a g e ob ta ined wi th the s t r a i n D-13. SO-9 w i t h i ts white p i l eus and 15.3 
kg /q compost is s imilar to D-13. Th i s amount of yield was i nc reased almost in 
t h e same measure b y all concen t ra t ions of 6 -methy luracy l t o n e a r l y 19 kg /q 
c o m p o s t . At t h e s a m e t ime 5 ml of 2-chloroethyl-phosphonic ac id did not ra ise 
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this y ie ld , a l though u n d e r its inf luence t h e cul ture t u r n e d into bear ing 5 days 
earlier. T h e s train Z-3 c a n be charac te r ized by an a v e r a g e yield of 12.2 kg/q 
compos t . This value c a n be increased b y 47 per cent w i t h 2-chloroethyl-phos-
phonic acid , and by 52 p e r cent wi th 6 -me thy lu racy l app l ied . 
I n our e x p e r i m e n t series we s t u d i e d the e f f ec t s of a cy tok in in - type 
py r imid in der iva t ive : 6 - m e t h y l u r a c y l , a n d of ano the r — similarly b ioac t ive 
s u b s t a n c e : 2-chloroe thyl -phosphonic ac id on f r u c t i f i c a t i o n in c h a m p i g n o n 
s t ra ins , as ref lected b y t h e yields. Accord ing to the ev idence of earlier experi-
men t s pe r fo rmed wi th f lower ing p l a n t s , 6 -me thy lu r acy l — like t h e n a t u r a l 
cy tok in ins — proved t o exercise an i n h i b i t o r y effect on senescene in t h e case 
of Phaseolus vulgaris; i t s t imula ted t h e incorpora t ion of labelled nucle ic acid 
bases ( P O Z S A R 1 9 7 2 ) . I t seems p robab le t h a t this c o m p o u n d acts t h r o u g h the 
nucleic acid and p r o t e i n metabol i sm, a l though t h e de ta i l s are no t c lear yet 
( P O Z S Á R — M A T O L C S Y 1 9 6 8 ) . The ac t ion spectre of t h e o ther c o m p o u n d used 
is wider a n d at the s a m e t i m e more c o n t r a d i c t o r y . W h i l e s t imula t ing t h e germi-
na t ion , i t inhibi ted t h e g r o w t h of t he seedlings ( C H A T T E R J I et al. 1 9 7 1 ) , and 
decreased on t h e o t h e r hand — t h e inhibit ion of germinat ion caused by 
auxin ( S A N K H L A — S A N K H L A 1 9 7 2 ) . T h e action m e c h a n i s m of 2-chloroethyl-
phosphon ic acid m a y b e re la ted wi th t h e ethylene, as it h a s been d e m o n s t r a t e d 
in v i t ro t h a t e thylene is released f r o m 2-chloroe thyl -phosphonic ac id . I t can 
be a s s u m e d t h a t t he s a m e may occur in t h e living o rgan i sm as well (KNYPL 
1 9 7 1 ) . According to t h e mos t recent d a t a the e t h y l e n e — though general ly 
ac t ing as an inhibi tor — m a y s t i m u l a t e certain processes ( S U G E 1 9 7 1 ) . 
I n our e x p e r i m e n t series all t r e a t m e n t s of t h e different champignon 
s t ra ins were eva lua ted f r o m the po in t of view of c o m p o n e n t s ( d ry m a t t e r , 
R N A , D N A and p r o t e i n content) as well . In the cou r se of the ana lyses an 
u n a m b i g u o u s cor re la t ion was found be tween t h e increased yield average 
a t t a i n e d wi th the t r e a t m e n t s ( s t i m u l a t e d growth) a n d t he high R N A , DNA 
and p ro t e in content of f r u i t bodies ( R I M Ó C Z I — V E T T E R 1 9 7 3 ) . According to the 
d a t a of t h e present p a p e r bo th regu la t ions accelerated t he f ruc t i f i ca t ion and 
m a d e it more even in all s t ra ins e x a m i n e d . 
T h e question of h o w the two c o m p o u n d s acce le ra ted the f ruc t i f i ca ton 
would he very d i f f icu l t t o answer, all t h e more so b e c a u s e this process depends 
on m a n y , a t present u n k n o w n fac to rs . As regards t e n d e n c y , the two di f ferent 
s t r u c t u r e s and p r o b a b l y d i f ferent ly a c t i n g compounds h a d about t h e s a m e in-
f luence on f ruc t i f i ca t ion . I t can he supposed t ha t t he s t imula t ion e i ther affected 
t he f ruc t i f i ca t ion d i r ec t ly or the p a t h w a y s tar t ing w i t h t h e i n t roduc t ion of the 
myce l ium into the soil a n d leading t o t h e f ruc t i f i ca t ion indirectly. 
O u r results — bes ides their u t i l i za t ion in m u s h r o o m product ion — m a y 
be of use in s tudy ing t h e substance regu la t ing f r u c t i f i c a t i o n on one h a n d , and 
in genera l growth a n d deve lopment on t h e other . 
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DEVELOPMENT OF RAPHIDE IDIOBLASTS IN THE 
AERIAL ROOT OF MONSTERA DELICIOSA LIEBM. 
By 
A . K O V Á C S , J . N . R A K O V Á N 
EÖTVÖS LORÄND UNIVERSITY, DEPARTMENT OF APPLIED BOTANY AND HISTOGENESIS, BUDAPEST 
The authors studied the development and differentiation of raphide idioblasts 
in the aerial root of Monslera deliciosa. They found these cells to be reproduced by in-
equal division and have large nuclei and active cytoplasms. The crystalliferous cells 
are arranged linearly in several rows, and the idioblasts placed a t some distance above 
each other may touch, due to their growing more rapidly than the surroundings. 
Introduct ion 
In t h e course of earl ier studies ( K O V Á C S — R A K O V Á N — S Z U J K Ó - L A C Z A 
1 9 7 2 , R A K O V Á N — K O V Á C S — S Z U J K Ó - L A C Z A 1 9 7 3 ) we dealt w i t h the develop-
m e n t of ca lc ium oxalate r aph ides found in t h e aerial root of Monstera deliciosa. 
As a con t inua t ion of t h e s t u d y , we considered i t necessary to follow the fo r -
mat ion and d i f fe ren ta t ion of t h e idioblast i tself . The presen t paper gives a n 
account of t h e l ight- and electron-microscope observa t ions connected with t h i s 
quest ion. 
I t is k n o w n t h a t t h e development of m a n y special p l an t cells (e.g. 
s toma , roo t -ha i r , g landular hair , t r ichosclereid) begins w i t h unequal cell 
division. I t is supposedly t h e case with t h e crysta l l i ferous idioblasts too (e.g. 
K Ü S T E R 1 9 5 6 , F O S T E R 1 9 5 6 ) . F R A N K ( 1 9 6 7 ) , on t h e other h a n d , observed e q u a l 
division. No such publ ica t ion has been f o u n d so f a r as demons t r a t i ng by orig-
inal photos t h a t the in i t ia ls of the crysta l l i ferous idioblasts are p roduced 
ei ther b y e q u a l or by u n e q u a l cell division. 
The y o u n g idioblasts can be dis t inguished f rom t h e sur rounding cells 
b y their large nuclei and sudden growth even in the mer i s t ema t i c t i ssues 
( K O W A L E W I T Z 1956). The mul t ip l ied size of t h e nuc leus can he t h e consequence of 
endomitosis , t hough R E N N E R et al. (1952) a n d K O W A L E W I T Z (1956) f o u n d 
crystal l i ferous cells with two nuclei . S C H Ü T Z et al. (1970) point ou t , on the o t h e r 
h a n d , t h a t t h e idioblasts can divide too, a n d i t is in this w a y t h a t the t w i n 
cells observed b y t h e m in t h e leaf of Oenothera a re produced . 
The genera l opinion t h a t t h e cy top lasm a n d nucleus of idioblasts con-
ta in ing c rys ta l s degenera te m o r e rapidly t h a n those of t h e sur rounding cells 
was d isputed b y M O L L E N H A U E R — L A R S O N ( 1 9 6 6 ) who b r o u g h t the secretion 
act ivi ty of t h e cytoplasm i n t o connection w i th t h e crystal fo rma t ion . 
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In c e r t a i n cases t h e r aph ide id ioblas ts may be 20 — 40 t imes as large as 
t h e su r round ings cells, a n d according to A R N O T T ( 1 9 6 2 ) can be found in t h e 
root t ip in l inear rows. On t h e basis of S C H O C K - B O D M E R — H U B E R ( 1 9 5 1 ) , 
К О W A L E W I T Z ( 1 9 5 6 ) supposes t h a t the id iob las t s develop b y an apical g rowth 
similar to t h a t of the p h l o e m fiber . 
Material and Methods 
In the light-microscope studies the apex of a growing aerial root of 5—7 mm diameter 
as well as 2 em of the zone close to the apex were used. The material was fixed in Bouen and 
embedded in paraf f in : then with a microtome 10 —12 micron thick longitudinal sections were 
made and s ta ined with haematoxyline. 
In the electron-microscope studies the apex of the aerial root and the periblem of an 
about 1/2 cm zone close to the apex were used. The material was fixed in 2 per cent K M n 0 4 , 
dehydrated w i t h alcohol, embedded in durcupan, then contrasted with uranyl acetate and lead 
citrate. The electron micrographs were taken wi th a KEM-I type GDR make electron micro-
scope. 
Results 
In t h e aerial root of Monstera deliciosa Liebm. t h e r aph ide id ioblas ts are 
found in t h e periblem t h e n in the outer half of the co r t ex . The ini t ials of t h e 
idioblasts a r e produced f i r s t of all in t h e periblem near t h e apex b y u n e q u a l 
division. T h e unequal divis ion can be recognized morphological ly too, a n d t h e 
smaller of t h e two cells p roduced — t h e one detached f r o m a corner of the 
isodiametr ic mother cell will be the in i t i a l of the id ioblas ts (Fig. 1). 
H o w e v e r , the ini t ia ls of idioblasts develop not on ly in the i m m e d i a t e 
vicinity of t h e apex, b u t a lso at a d i s t ance of 5 — 7 m m f r o m it , f rom t h e outer 
subdermatogenous , somet imes vacuolizing cells of the per ib lem, which r ema in 
meris temic f o r a long t i m e (Fig. 2). 
In t h e idioblast in i t ia ls — as soon as t h e y reach t h e size of the su r round-
ing cells — t h e initials of raphides can be seen with a n electron microscope 
(Fig. 3), a n d when they g row two- or th ree fo ld even w i t h a light microscope 
(Fig. 4). T h e r e is no su i t ab le photo ava i l ab le to prove t h a t it is t h e smaller 
daughter cell of the u n e q u a l division t h a t becomes idioblas t ini t ial , b u t we 
were conv inced of this be ing the fact in our invest igat ions. 
The y o u n g idioblasts are charac te r ized by large nuclei (Fig. 5). AT t h e 
beginning t h e crystals are a r ranged more or less radially r o u n d the large nucleus 
in the c y t o p l a s m (Fig. 4), however, as soon as the cell cont inues growing, the 
crystals increase in n u m b e r and t ake a position along t h e longi tudina l axis 
of the id iob la s t (Fig. 5). 
In connect ion wi th t h e deve lopment of the idioblast we observed t h a t the 
zone b e n d i n g in accordance with the de rmatogenous c u r v e was in t h e per ib lem, 
at the h e i g h t of the cen t r a l initial cells — in a radial longi tudina l sect ion —, 
and a f t e r a number of e q u a l divisions every thi rd or fou r th of t he se cells 
divided u n e q u a l l y . The l a t t e r are the in i t ia l s of new idioblasts . The a l t e rna t ion 
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Fig. 1. Unequally divided periblem cell, the smaller daughter cell is the raphide-idioblast 
initial (i): the arrows indicate the developed new cell-wall. EM: 5500 X 
of equal and unequa l divisions resul ts in bo th the longi tudinal ly p laced idio-
hlas ts and those a r r a n g e d in parallel rows (Fig. 7). Y o u n g idioblasts developing 
newly in the subdermatogenous layer of the per iblem found at some dis tance 
f rom t h e apex become initial cells of new linear crystal l i ferous rows (Fig. 6). 
T h e rapid g rowth of the idioblasts begins wi th t h e sudden en l a rgemen t of 
the nuc leus which m a y become 3 — 5 t imes as large as t h e nuclei of t h e sur-
r o u n d i n g cells. The cell wall — especially a t the apex of t h e cell — becomes much 
th icker ; t h e idioblasts sharpened a t t h e t ip may en te r between the su r round ing 
cells a n d force t h e m a p a r t (Fig. 8). D u r i n g their g r o w t h the idioblasts fo rming 
longi tudina l rows m a y touch (Fig. 9), or may even cont inue to g row for a 
while side by side (Figs 10, 11). We also observed y o u n g idioblasts set close 
to one another , howeve r , they were tw in idioblasts, t h a t is, or ig ina t ing f rom 
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Fig. 2. Unequally divided cell in the cell row next to the dermatogen, the smaller daughter cell 
is the rapliide-idioblast initial (i). Par t of a longitudinal section at a few m m distance from 
the central group of the root-tip initial. LM: 1000 X 
Fig. 3. Idioblast initial with raphide initials (k). EM: 4400 X 
Acta Agronomica Acadcmiae Scienliarum Hungaricae 24, 1975 
DEVELOPMENT OF RAPHIDE IDIOBLASTS 4 3 
Шгш/ШШшШ^^^^Шгъ * * 
Ш» f S f ' - щщЩ^-ft'. " " 
F I R / ' 
JF " V P ' 
V P 
M á/Ёфк НК 
JAILLI»»" \ * 
Fig. 4. Idioblasts increased twofold (-«-) with radially arranged raphides (k). Part of a longi-
tudinal section f rom the periblem. LM; 1000 X 
t h e equal division of the idioblast init ial (Fig. 12). There is no close cytoplasmic 
connect ion be tween the crystal l i ferous cells a n d their sur roundings , as also 
ind ica ted by t h e absence of p lasmodesms (Figs 13a, 13b). At t h e same t ime, t h e 
absence of t h e p lasmodesms suppor t s our hypothes i s of id ioblas ts growing 
m o r e rapidly t h a n their sur roundings . 
The crystal l i ferous cells m a y even increase two- or th ree fo ld in w i d t h 
compared to t h e ad jacen t cells. In a fully developed s ta te t h e i r length m a y 
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Fig. 5. Young idioblast (-—) with a giant nucleus (n) and parallelly oriented raphides (k). 
LM: 1000 X 
Fig. 6. Young idioblasts (*-) at some distance f rom the central initials of the root- t ip, near 
the dermatogen (d). LM: 475 X 
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Fig. 7. Longitudinal section of a pa r t of the root-tip; idioblasts forming a linear row; nucleus 
(n), cytoplasm (c), thickened cell-wall (w). LM: 160 X 
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Fig. 9. T h e adjacent idioblasts touch. LM: 390 X 
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Fig. 10. Adjacen t idioblasts wi th widening t ransversal walls (-•-) LM: 390 X 
Fig. 11. Idioblasts overgrow each o the r (-«-). LM: 320 X 
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Fig. 12. Twin idioblasts (•*-) in the periblem (longitudinal section). LM: 390 X 
even a t t a i n 3 — 5 m m . I n the course of growing t he re is a high-degree crystal 
accumula t ion until , f i na l ly , the cell will be filled wi th raphides. 
For a while the g r o w t h of the nuc leus keeps a b r e a s t with t h a t of the cell 
and mos t ly occupies t h e cent ra l part of t h e cell; la ter , t h e nucleus o f t e n adheres 
to one of t h e side walls. 
The cytoplasm can be recognized — especially a t the tips — f o r a long 
t ime dur ing the growth of the cell, a n d together w i t h the nucleus indicates 
the ac t ive func t ion ing of t h e idioblast . As long as t h e crystal accumula t ion 
lasts , t h e cy toplasm does not die. 
To sum up our inves t iga t ion we c a n establish t h a t in the aer ia l root of 
Monstera deliciosa t h e crystal l i ferous idioblasts are p roduced by u n e q u a l cell 
division. Similar obse rva t ions were m a d e b y K O W A L E W I T Z (1956) w h o found 
young r aph ide idioblasts in the e m b r y o n a l tissues of Epibolium f l o w e r buds. 
In mos t cases mult iple-size nucle i occur in t h e idioblasts wh ich can he 
the consequence of endomitos is . We also found t h o u g h less f r e q u e n t l y 
two smaller nuclei in one cell close to one another , s imi lar ly to the observa t ion 
of R E N N E R et al. ( 1 9 5 2 ) . Our material o f f e r ed examples of Schötz's t w i n crystal-
idioblasts too ( S C H Ö T Z et al. 1 9 7 0 ) . This sugges t s t ha t in t h e aerial root of Monstera 
deliciosa t h e raphide id ioblas ts develop f i r s t of all in such a way t h a t a f t e r the 
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Fig. 13a. Typical periblem cell bordered from one side by an idioblast (i). EM: 5500 X 
dif ferent ia t ion n e i t h e r karyokinesis nor cytokines is occur, a n d t h e nucleus 
a long with the cell grows to an enormous size; nevertheless , karyokinesis m a y 
occur — though less f requent ly — wi thout cy tokines is in the idioblasts wi th in 
t h e same p lant , ( two-nuclei s t a t e ) , or karyokines is and cytokinesis toge ther 
( twin-idioblast) . 
A R N O T T (1962) found a l inear a r r angemen t of the crystal- idioblasts in 
t h e root t ip of Yucca but did no t give an exp l ana t i on for this w a y of develop-
m e n t . In our op in ion the linear a r r angemen t c a n be traced b a c k to the de ter -
mina t ion and d i f fe rent ia t ion of per iblem cells f o u n d in certain def in i te places. 
К о W A L E W I T Z (1956) supposed an apical g r o w t h to t ake place during t h e 
deve lopment of t h e raphide id ioblas ts on the bas i s of the cy top lasm remain ing 
t h i c k and the cell-wall thin for a long t ime a t t h e t ips. We, on t h e con t r a ry , 
f o u n d thick cell-walls at the t ips of the id ioblas ts ; and this f ac t — even if n o t 
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Fig. 13b. Larger part of the idioblast bordering the right upper corner of the periblem cell 
in Fig. 13a.: place of crystals in the vacuole (k), mitochondrium (m), dictyosome (dt) , endo-
plasmic reticulum (ER) . EM: 8800 x 
d i s p r o v i n g t h e a p i c a l g r o w t h — i n d i c a t e s t h a t t h e i d i o b l a s t s a d v a n c e a m o n g 
t h e c e l l s b y t h e i r a i d . 
K O W A L E W I T Z ( 1 9 5 6 ) a n d o t h e r s d i d n o t b r i n g t h e t e m p o r a r i l y e n l a r g e d 
n u c l e u s o f t h e c r y s t a l - i d i o b l a s t i n t o c o n n e c t i o n w i t h t h e s e c r e t o r y n a t u r e of 
t h e ce l l . A c c o r d i n g t o M O L L E N H A U E R — L A R S O N ( 1 9 6 6 ) , t h e a c t i v e c y t o p l a s m of 
t h e c r y s t a l - i d i o b l a s t s c a n b e e x p l a i n e d b y t h e s e c r e t o r y a c t i v i t y o f t h e ce l l . 
O u r i n v e s t i g a t i o n s s u g g e s t t h a t a j o i n t p a r t i c i p a t i o n o f a l a r g e n u c l e u s a n d 
a c t i v e c y t o p l a s m a is r e q u i r e d f o r t h e s e c r e t o r y p r o c e s s e s . 
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DETERMINATION OF LYSINE AND METHIONINE 
REQUIREMENTS OF PIGS I. AMINO-ACID SUPPLY 
OF FATTENING PIGS DETERMINED BY FARM-SCALE 
AND NITROGEN-BALANCE EXPERIMENTS 
By 
M . S Z E L É N Y I - G A L Á N T A I , J . J É C S A I , B . J U H Á S Z 
R E S E A R C H I N S T I T U T E O F A N I M A L P R O D U C T I O N , D E P A R T M E N T O F P H Y S I O L O G Y , B U D A P E S T 
Fattening- group experiments were carried out with young Hungarian large white 
pigs, as well as nitrogen-balance tests with albino rats and pigs fed on fodder mixtures 
used in the group experiment. The percentage of lysine and methionine varied in the 
fodder mixtures. In the experiments a close correlation was found (r = 0.9716) between 
the consumed quantities of lysine and the values of nitrogen equilibrium. The N-balance 
experiments are considered suitable for determining the amino- acid requirements of 
pigs. Furthermore, in a feed mixture of 10 per cent crude protein content and 72 kg/q 
starch value an addition of 0,9 per cent lysine and 0.2 per cent methionine was found to 
be necessary. These values of amino acid requirement were significantly proved by the 
results of group-fattening experiments and N-balance tests. 
In t roduc t ion 
T h e main purpose of l ivestock b reed ing is to increase the p roduc t i on of 
mea t , mi lk and eggs in order to m a k e a sufficient a m o u n t of animal-origin 
protein avai lable for h u m a n consumpt ion . I t is general ly known t h a t in a par t 
of the wor ld pork fo rms a considerable propor t ion of t h e protein sources of 
animal origin, and in H u n g a r y , due t o t h e established consumpt ion hab i t s , 
pork p roduc t ion plays an especially i m p o r t a n t role. 
In pig feeding — as i t is known — proteins , the i r q u a l i t y and amino-ac id 
composi t ion are of e x t r a o r d i n a r y i m p o r t a n c e . If t he p ro te ins of feeds do not 
contain suff ic ient quan t i t i e s of amino acids essential fo r pigs, the amino-ac id 
balance of t h e organism will be u p s e t . Proteins of i n a d e q u a t e amino-ac id 
composi t ion, when c o n s u m e d a t a h igher ra te , decrease t h e o u t p u t of the 
an imal . 
Owing to the d i f f e ren t inves t iga t ion methods , t h e r e are di f ferences 
between t h e values de t e rmined for t h e amino-acid r e q u i r e m e n t of pigs . I t is 
fu r the r inf luenced b y t h e breed of t h e animals , t he composi t ion of t h e feed 
ra t ions a n d amino acids, t h e concen t ra t ion of protein, t h e energy c o n t e n t and 
the q u a n t i t y of v i tamins and mater ia l substances . 
According to R E R A T — L O U G N O N (1965), the d ive rgen t values of lysine 
r e q u i r e m e n t found in t h e l i t e ra ture fo r t h e amino-acid requ i rement of pigs 
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c a n b e e x p l a i n e d b y t h e f a c t t h a t t h e a m i n o - a c i d c o m p o s i t i o n of p r o t e i n s 
f e d i n t h e d i f f e r e n t c o u n t r i e s i s n o t t h e s a m e , s o t h e i r b i o l o g i c a l v a l u e is n o t 
i d e n t i c a l e i t h e r , f u r t h e r , t h a t i n m a n y p l a c e s a s a f e t y s u r p l u s of p r o t e i n i s 
s u p p l i e d w i t h t h e f e e d r a t i o n i n o r d e r t o c o v e r t h e a m i n o - a c i d r e q u i r e m e n t 
u n d e r all c i r c u m s t a n c e s . 
R E R A T — L O U G N O N ( 1 9 6 8 ) , M I T C H E L L et al. ( 1 9 6 8 ) , W I E S E M Ü L L E R — 
P O P P E ( 1 9 6 8 ) , S C H I L L E R ( 1 9 6 9 ) , M Ü L L E R - R O Z M A N ( 1 9 6 9 ) , T Y P P O et al. ( 1 9 7 0 ) , 
f u r t h e r m o r e S T O C K L A N D et al. ( 1 9 7 1 ) d e t e r m i n e d t h e a m i n o - a c i d r e q u i r e m e n t 
o f p i g s in d i f f e r e n t w a y s . T h e a u t h o r s — q u i t e i n d e p e n d e n t l y f r o m o n e a n o t h e r 
— p o i n t o u t t h a t t h e e s t a b l i s h e d v a l u e s a l w a y s r e f e r t o t h e s a m e b r e e d ( t y p e 
o f u t i l i z a t i o n ) a l o n e . 
T a k i n g t h e a b o v e i n c o n s i d e r a t i o n , o u r i n v e s t i g a t i o n s w e r e a i m e d 
a t g i v i n g a m o r e p r e c i s e a n s w e r t o t h e q u e s t i o n of t h e l y s i n e a n d m e t h i o n i n e 
r e q u i r e m e n t s o f y o u n g p igs u n d e r t h e s p e c i a l k e e p i n g a n d f e e d i n g c o n d i t i o n s 
o f H u n g a r i a n b r e e d s . 
M a t e r i a l and M e t h o d s 
In our experiments we started b y feeding a fodder mixture containing both lysine and 
methionine at a low percentage. This diet was completed in different ways with synthetic 
1-lysine and dl-methionine. Our feed mixtures consisted exclusively of fodders of plant origin 
as well as of mineral substances and vitamins. The composition and nut r ien t content of the 
d ie t s are shown in Table 1. 
The experiments were set up wi th the following t reatments ; 
1. Group experiments with y o u n g pigs. The experiment was carried out in the tradi-
t iona l fattening un i t of the Agárd S t a t e Farm with Hungarian large white pigs. The experi-
m e n t was started wi th animals of 21 kg average weight in five groups, each containing 25 pigs, 
a n d completed when the animals in Group 4 had come close to the 100 kg average weight. 
2. N-balance tests with rats a n d pigs. The 5 diets presented in Table 1 were fed to young 
ma le albino rats (Wis thar strain) k e p t simultaneously in metabolism cages. The question to 
be answered was: W h a t changes would occur in the N balance of rats as a response to the differ-
e n t amino-acid contents of the diets. T h e examination was performed in two phases; 
in phase a) wi th animals of 80—100 g weight, 
in phase b) wi th ones of 150—160 g weight, in order to find out wha t influence the dif-
f e r en t amino acid supplements exercise on the N balance of younger and older organisms, 
respectively. 
Furthermore, nitrogen-balance tests were performed by feeding the diets to 4 hybrid 
pigs (of 35—45 kg average weight) per group — produced by the Research Inst i tute of Animal 
Production (AHIB). The animals were kept in metabolic pens, and the amoun t of nitrogen con-
sumed by them wi th the feed, and excreted with the faeces and urine was measured every 
d a y over a six-day experiment period following six days of pre-feeding — a way usual in the 
material-balance experiments. 
R e s u l t s 
1. T a b l e 1 s h o w s t h a t i t w a s o n l y in t h e l y s i n e a n d m e t h i o n i n e c o n t e n t t h a t 
d i f f e r e n c e s w e r e f o u n d b e t w e e n t h e c o m p o s i t i o n s of t h e f i v e f e e d m i x t u r e s . 
T h e c r u d e p r o t e i n c o n t e n t of f e e d s d id n o t e v e n r e a c h 10 p e r c e n t . T h i s q u a n -
t i t y is n o t e n o u g h f o r y o u n g p i g s ; i t d e c r e a s e s t h e r a t e of g r o w t h , a n d d u e t o t h e 
i n a d e q u a t e r a t i o o f p r o t e i n t o e n e r g y (72 k g / q s t a r c h v a l u e ) , t h e a n i m a l s p u t o n 
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Table 1 
Composition and nutrient content of experimental diets 
for rats and pigs 
Designation 
Groups 
1. 2. 3. 4. 5. 
Maize 0 / / 0 56.5 56.2 55.9 55.4 56.0 
Barley 0 / / 0 40.0 40.0 40.0 40.0 40.0 
Vitamin premix / 0 1.0 1.0 1.0 1.0 1.0 
Mineral premix / 0 0.5 0.5 0.5 0.5 0.5 
Feeder salt / 0 0.4 0.4 0.4 0.4 0.4 
Feeder lime о / / 0 1.6 1.6 1.6 1.6 1.6 
L-lysine 0 / / о — 0.3 0.6 0.6 — 
Dl-methionine 
° / / 0 
— — — 
0.5 0.5 
Total 0 / / 0 100.0 100.0 100.0 100.0 100.0 
Dry matter о/ / 0 91.18 92.20 91.10 92.25 90.20 
Crude protein / 0 9.81 9.69 9.69 9.81 9.81 
Lysine / 0 0.318 0.617 0.916 0.915 0.318 
Methionine о/ /0 0.175 0.175 0.174 0.673 0.673 
Cystine о/ /0 0.184 0.183 0.183 0.182 0.183 
Starch value kg/q 72.21 71.97 71.74 71.34 71.82 
weigh t (fat deposi t ion) . On t h e o t h e r h a n d , it was only in t h a t w a y t h a t we 
could achieve var ious mix tures w i th syn the t ic 1-lysine a n d d l -methionine , by 
supp lemen t ing t h e feed lysine a n d meth ionine concent ra t ions in t h e m . 
Tab le 2 con ta ins the expe r imen ta l da t a ob ta ined dur ing t h e f a t t en ing . 
There are g rea t differences b o t h in t h e average weight gain a n d in the 
f eed conversion be tween the resul t s of t h e f ive groups . These differences are 
due t o t h e fol lowing: 
The o u t p u t of animals was increased b y b o t h t h e 0.3 a n d the 0.6 per cent 
(Group 2 and 3) 1-lysine supp lemen t . The dai ly weight gain of pigs given a 0.3 
pe r cen t lysine supp lemen t increased b y 25 per cent , while t h e a m o u n t of feed 
used for 1 kg weight gain decreased b y 17 per cent c o m p a r e d to t h e control . 
T h e h igher ra te (0.6 per cent) of lysine supp lementa t ion gave even more fa-
v o u r a b l e results , increasing t h e weight gain b y 32 per cent and decreasing the 
a m o u n t of feed used for 1 kg weight gain b y 20 per cen t . 
T h e results in Group 4 were roughly t h e same as those in Group 3. A 0.5-
pe r cen t methionine supp lement given s imul taneously w i th the 0.6-per cent 
lys ine supplement ne i ther improved nor impa i red t h e o u t p u t of an imals . From 
th i s we have d rawn t h e conclusion t h a t a methionine supp lemen t is n o t always 
n e e d e d . 
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Table 2 
Results of experiments performed with fattening pigs 
I roups 
Paramete r 
l . 3. 4. 5. 
Average initial weight kg 21.60 21.20 21.20 21.40 21.20 
Average final weight kg 80.68 91.67 97.80 99.79 79.39 
0 / Jo 100 114 121 124 98 
Tota l weight gain kg 59.08 70.47 76.60 78.39 58.19 
Daily weight gain g 453 568 598 605 458 
% 100 125 132 133 101 
Feed used per animal kg 248.09 246.20 257.20 266.20 235.44 
% 100 99 104 107 95 
Feed used for 1 kg weight gain kg 4.20 3.69 3.36 3.40 4.05 
% 100 83 80 81 96 
The feed m i x t u r e of Group 5 contained 0.67 per cent meth ionine and 0.32 
p e r cent lysine. Th i s diet was consumed by t h e animals for 95 days. B y t h a t 
t i m e their hea l th condit ions de te r io ra ted , the i r feed convers ion and weight 
g a i n fell considerably . Hav ing a t t a i n e d good resul ts wi th t h e feed mix tu re of 
G r o u p 4, we c o n t i n u e d to feed t h e animals in Group 5 on t h e diet of Group 4. 
Character is t ica l ly of the d i f fe rence between t h e two groups , a f t e r 95 days 
of f a t t en ing the ave rage weight of the animals was 80 kg in Group 4 and 65 
k g in Group 5. A t t h e end of t h e exper iment t h e weight of t h e animals in Group 
5 corresponds to t h e weight of t h o s e in Group 1 (control), b u t t h e resul ts are 
p o o r in both g roups , for wh ich t h e i n a d e q u a t e lysine percen tage m a y be 
responsible . 
The t rend of t h e weight ga in in the g roup exper imen t of young pigs is 
s h o w n in Fig. 1. 
2. The resu l t s of n i t rogen-balance tes ts carr ied out w i th albino r a t s are 
s h o w n in Table 3. 
With ra ts t h e bes t results were obtained b y feeding a 0.3 per cent lysine 
s u p p l e m e n t (feed m i x t u r e No. 2) . The results ob ta ined in t h e N-balance tes t s 
of r a t s are p resen ted in Fig. 2. 
The results of N-balance t e s t s carried out wi th 4 pigs per t r e a t m e n t given 
t h e above listed f e e d mixtures a r e shown in Tab le 4. 
In compar ison with Group 1 (control) t h e ni t rogen re t en t ion of animals 
consuming Diets No . 2, 3 a n d 4 was s ignif icant ly b e t t e r ( P < 0 .1%) . The 
N-ba lance values differed f r o m t h e results of t h e f a t t e n i n g exper iment inas-
m u c h as it was w i t h t h e results of Group 2 t h a t t h e N-re ten t ion values of Group 
4 were nearly ident ica l . 
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Fig. 1. Monthly gain of pigs during the experimental period 
According to the fattening experiment the results attained with the 10% 
crude protein content diet in which the percentage of lysine was 0.92 and that 
of methionine 0.67 are jus t as good as those obtained with a methionine content 
of 0.17 per cent beside the 0.92 per cent lysine. 
Diet No. 5 was not examined in N-turnover tes ts with pigs, since bad 
results were obtained during the fattening and a rather negative N-balance 
in the experiment performed with rats. 
Table 3 
Results of N-balance tests performed with rats 
Group 
Dai ly n i t rogen balance 
initial f ina l 
mg % mg % 
l . 45±2.65 100 71 ±4.7 100 
2. 73±2.77 162 116±3.8 163 
3. 57±2.47 127 83±5.3 117 
4. 57±2.03 127 91 ±3 .1 128 
5. 23±3.20 51 41 ±2 .6 58 
1 s l group 
2 n d group 
о 3 r d group 
— 4 l n group 
— X — 5 t h group 
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Immediately af ter weaning 
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Note suplemented with 0,5°/o dl -methionine 
In the last part of growing age 










1 1 1— 
0,3 0,6 0,9 °/o lysine 
I 
Fig. 2. N balance of growing rats in function of lysine intake 
In t h e n i t rogen-ba lance tes t s the bes t resul ts were a t t a i n e d with G r o u p 
3. The diet of this group was only supp lemen ted by lysine. According to t h e 
results, in t h e present case t h e meth ionine supplement decreased the r a t e of 
feed conversion in the pigs. T h e results of n i t rogen- re ten t ion exper iments w i t h 
pigs are s h o w n in Fig. 3. 
The n i t rogen- tu rnover t e s t s carried ou t wi th ra ts a n d pigs confirm t h e 
results of t h e fa t t en ing expe r imen t s . A p roper ly pe r fo rmed N tu rnover t e s t 
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Table 4 
Results of N balance tests performed with pigs 
Animal 
Daily nitrogen balance in g 
Diet 1. Diet 2. Diet 3. Diet 4. 
I. 1 . 8 0 ± 1 . 8 2 6 . 9 9 ± 2 . 6 1 2 0 . 3 7 ± 5 . 4 4 5 . 5 1 ± 0 . 8 0 
II . 2 . 0 7 ± 1 . 9 9 9 . 5 5 ± 1 . 5 2 1 9 . 3 5 ± 3 . 8 6 7 . 0 1 ± 1 . 3 7 
i l l . 2 . 0 0 ± 1 . 3 5 8 . 2 7 ± 2 . 1 0 1 9 . 7 8 ± 0 . 9 4 7 . 4 1 ± 0 . 6 8 
IV. 1 . 1 9 ± 1 . 0 8 1 1 . 7 5 ± 1 . 5 6 2 2 . 7 8 ± 1 . 5 7 7 . 1 0 ± 1 . 1 7 
X 1 . 7 7 ± 0 . 4 0 9 . 1 4 ± 2 . 0 3 2 0 . 7 2 ± 1 . 4 0 6 . 7 6 ± 0 . 8 5 
l~~l 1 s t group 
Ш 2 n d group 
E 3 3 r d group 
Ш 4 t h group 
0,2 
I 0,6 0,8 1,0 1,2 
daily lysine g / l i v e - w e i g h t W kg. 
1.6 
Fig. 3. The effect of lysine and methionine intake on N retention of growing pigs 
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is s u i t a b l e f o r d e t e r m i n i n g t h e a m i n o - a c i d r e q u i r e m e n t of p i g s . N a m e l y , a 
c l o s e c o r r e l a t i o n (r = 0 . 9 7 1 6 ) b e t w e e n t h e l y s i n e c o n t e n t of t h e f e e d a n d t h e 
N r e t e n t i o n of t h e a n i m a l s is c l e a r l y s e e n f r o m t h e r e s u l t s . 
H e n c e , a s a f i n a l c o n c l u s i o n d r a w n f r o m t h e r e s u l t s of o u r i n v e s t i g a t i o n s , 
y o u n g l a r g e w h i t e H u n g a r i a n p i g s r e q u i r e 0 . 9 p e r c e n t l y s i n e a n d 0 . 2 p e r c e n t 
m e t h i o n i n e a d d e d t o t h e i r f e e d m i x t u r e o f 10 p e r c e n t c r u d e p r o t e i n c o n t e n t a n d 
72 k g / q s t a r c h v a l u e . 
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STIMULATIVE EFFECT ON PROTEIN SYNTHESIS 
OF MAGNESIUM APPLIED BY FOLIAGE SPRAY 
By 
A. S . K i s s , B. I . POZSÁR 
BORSOD C H E M I C A L WORKS, K A Z I N C B A R C I K A , I N S T I T U T E OF A G R O B O T A N Y , T Á P I Ó S Z E L E 
The incorporation in protein of amino-nitrogen applied through foliage spray 
was considerably stimulated by simultaneously added magnesium ions. The accumula-
tion of nitrogen in protein was especially increased by the magnesium in the first three 
hours following the t rea tment . The indirect effect of magnesium in stimulating the 
protein synthesis can supposedly be traced back to two factors. One of the effects of 
magnesium supplementation is felt in the maintenance of the polyribosomal structures, 
which is a limiting condition of peptide synthesis, while in the aminat ing reactions mag-
nesium, as an activator, reduces the demand for a change of free energy in transforma-
tions, in a bioenergetic respect. For the theoretical interpretation of the stimulative 
effect of the magnesium ion on protein synthesis the above two action mechanisms 
provide a satisfactory explanation. 
Introduction 
The r e l evan t da ta of l i t e r a t u r e suggest t h a t the m e c h a n i s m of n u t r i e n t 
u p t a k e f rom solut ions by t h e leaves agrees in essentials w i th nu t r i en t u p t a k e 
b y t h e r o o t s (MATZKOV 1 9 6 2 , W I T T W E R — T E U B N E R 1959) . 
KERPELY (1913), t h e H u n g a r i a n p ioneer of leaf n u t r i t i o n h a s been f o l l o w e d 
b y m a n y . E x p e r i m e n t s were carr ied on f i r s t of all with n i t r o g e n appl icat ion 
t o w h e a t (FERENCZ 1954, K U T H Y et al. 1 9 5 1 ) , v i n e (PECZNIK — MAJER-KISS 
1 9 5 8 ) , silo m a i z e (PECZNIK —DOROGI 1963). PECZNIK et al. ( 1 9 5 8 , 1963) p o i n t e d 
ou t t h a t as a response to n i t r o g e n (urea) app l i ed through fo l iage spray, n o t 
on ly the q u a n t i t y of yield h u t also the p r o t e i n content increased . S t a r t i n g 
f r o m this f ac t , as well as on t h e basis of l i t e r a ry da ta and or o u w n experiences 
(as to magnes ium s t imula t ing t h e protein synthesis) , we supposed t h a t a n 
u r e a nut r i t ion combined wi th magnes ium w o u l d increase t h e protein level of 
leaves even more . On this bas i s we studied t h e joint effect of nitrogen a n d 
magnes ium on pro te in increase in millet a n d pea test p l a n t s . Our reason for 
choosing p lan t s f r o m two h igh ly dif- ferent fami l ies was t h a t DOMONOVICS 
ZSELENOV (c i t . MATZKOV 1962) — when s t u d y i n g the u p t a k e of p o t a s s i u m 
a n d magnes ium b y the leaf — h a d found t h e various p lan t s t o give d i f fe ren t 
responses to fol iar spray. 
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Material and Method 
In our experiment a commercial pea var ie ty (Express) and millet were used as test 
plants. The treatments were applied to both p lants at the same phenophase, immediately 
before flowering and the appearance of panicles, respectively. The experiment was carried out 
at the Agrochemical Experimental Station of the Borsod Chemical Works , with four replications. 
Treatments ; 
Control (initial s ta te) 
N: 1.3g urea + 260 ml water/m2 
N + Mg: 1.3 g urea + 0.13 g MgS0 4 + 260 ml water /m 2 
Spraying was performed with a finely atomizing "Nebulo" sprayer, in cloudy weather-
Samples were taken 3 and 72 hours after the t r ea tment , respectively. The reason why the first 
sample was taken 3 hours a f t e r the treatment was tha t according to the experimental results 
of F E R E N C Z ( 1 9 6 3 ) obtained wi th 1 4 C , the first effect was felt 2 0 minu tes after the spraying in A 
temporary reduction of photosynthesis. During this transitional s ta te the protein synthesis 
increased as measured by the incorporation of 14C. In a few hours t he normal rate of photosyn-
thesis was restored, and later even increased. I t was in that very s t a t e of reduced photosyn-
thesis t ha t we wanted to s tudy the intensity of protein synthesis, t h a t is, why we chose the 
third hour following the t r ea tmen t as the t ime of sample taking. And the same s t a t e was 
considered the most suitable for proving the enzyme-activating effect of magnesium as well. 
When taking samples, the p lants were cut off at a height of 5 cm above ground level. The spray 
not yet absorbed by the leaves was washed off the plants, then the whole plant was dried out 
in an exsiccator at 105 °C. Af t e r a rough crushing the sample was reduced by a quar te r , then 
ground in an electric mill. For the examination of the protein n i t rogen and the total nitrogen 
content, and by Kjeldahl's sulphuric acid destruction of nitrogen compounds precipitable with 
copper, the ammonium nitrogen was determined ( G Y Ő R I — I H Á S Z 1 9 6 8 ) . The nitrogen contents 
thus obtained were converted related to the crude (total nitrogen), and true protein (protein 
nitrogen), respectively. 
Results 
The resul t s of inves t iga t ing the increase of pro te in as a response t o amino 
ni t rogen and amino n i t r o g e n -f- m a g n e s i u m applied a s a foliage s p r a y are 
shown in Tab le 1. The r e su l t s of the expe r imen t s ign i f ican t ly (S. D.50/o ) prove 
Table 1 
Effects of N and Nf-Mg nutrition applied as foliage spray on the protein contents of pea and 
millet plants 
Plant treat inent 
Protein content as a percentage to dry matter 
A t the start 3 lours later 72 hours later 
crude true crude true st imu-
lation 
% 
crude true st im u-
ation 
% protein protein protein 
Pea control 22.2 16.1 — — 
N — — 23.5 16.6 3.1 25.4 20.9 30.0 
N + Mg — — 24.5 18.5 15.0 26.2 22.1 37.5 
Millet control 19.6 16.7 
N — — 22.0 18.0 7.7 22.8 18.3 9.5 
N + Mg 
— — 23.5 19.1 14.4 23.2 19.0 13.7 
S.D.5% = 0.4 
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t h e s t imu la t i ve effect of magnesium on t h e protein syn thes i s and p r o t e i n levels. 
I t was mani fes t f i rs t of all in the s t imu la t i on of the t r u e protein c o n t e n t in pea 
which a t t h e beginning was more t h a n t h r e e t imes t h e effect of n i t rogen . After 
72 hou r s t h e difference essentially decreased, the e f fec t of the n i t r ogen t r ea t -
m e n t was close (only 27 per cent lower) to t h a t of N -f- Mg appl ied jo in t ly . 
This " a p p r o x i m a t i n g " effect can be expla ined by t h e law of equi l ibr ium, t ha t 
is, b y t h e concen t ra t ion of incorporable amino n i t rogen decreasing w i t h t ime. 
I t was p a r t l y by th is t h a t we proved t h e s t imula t ive effect of m a g n e s i u m on 
the p r o t e i n level, a n d i ts role as a n enzyme a c t i v a t o r . This e x p l a n a t i o n is 
jus t i f i ed b y the effect of magnesium p l ay ing a role in t h e r ibosomal s t ruc tu ra l 
re la t ions of protein synthes is . 
I n t e r p r e t a t i o n of s t imula t ion caused by magnes ium. The effect of magne-
sium as an ac t iva tor i nduc ing the s t imu la t i on of p ro te in synthesis c a n — in our 
opinion — be explained b y its in f luence on the r ibosomes and the bioenerget ic 
role of A T P synthesis . PETERMANN (1964) t h o u g h t i t probable t h a t prote in 
syn thes i s was the only t a s k of t h e r ibosomes discovered by PALADE (1956). 
MCCHARTY (1962) p r o v e d b y concrete measu remen t s t h a t the e x t e n t of pro-
tein syn thes i s was in p ropor t ion to t h e n u m b e r of r ibosomes . Magnes ium has 
an i m p o r t a n t pa r t in main ta in ing t h e s t ruc tu re of r ibosomes. The s t ruc tu ra l 
wholeness of t h e r ibosome requires a magnes ium concent ra t ion of 1 0 ~ 3 mol. 
If t h e concent ra t ion of magnesium decreases to 10 ~4 mol, the po lyr ibosome 
will b e f r a g m e n t e d a t a ra t io of 2 : 1 in to subuni ts . So the r ibosome of 70 S 
sed imen ta t ion will decompose into s u b u n i t s of 50 S a n d 30 S, a t t h e above 
ra t io . If t h e magnes ium concent ra t ion is increased t o 10~2 mol, t h e t w o ribo-
some f r ac t ions wi th d i f fe rent s u b u n i t s will un i fy , dimerize (DE ROBERTIS 
et al. 1 9 7 0 ) . 
According to W a t t s o n , nei ther t h e subuni ts n o r t h e dimers a r e able to 
condense t h e amino acids into pep t ide . TRAUB — NOMURA (1969) t h i n k the 
f o r m a t i o n of subun i t s and dimers t o be reversible and d e p e n d e n t on the 
concen t ra t ion of m a g n e s i u m . 
I n t h e course of a n electron-microscope s t u d y , PALADE (1956) pointed 
out t h e r ibosomes to b e inter l inked in t h e polyr ibosome as the pearls of a neck-
lace, b u t only in the case of the cri t ical magnes ium concent ra t ion of 10 _ 3 mol. 
According to earlier d a t a t h e prote in synthes is t akes p lace in the po lyr ibosome 
chain, w i t h the aid of measur ing t h e incorpora t ion of isotope-labelled amino 
acids. This is one of t h e evidences of t h e re la t ionship between s t r u c t u r e and 
func t i on . Af t e r this i t is necessary t o h a v e a look a t t h e role of m a g n e s i u m in 
developing the s t r u c t u r e of the r ibosome . As known f r o m the inves t iga t ions of 
WEBSTER —WHITMAN (1961) the r ibosome is built of p ro t e in and R N A a t a ra te 
of 55 : 45 in clover, 60 : 40 in r a t l iver a n d 50 : 50 in t h e re t iculocyte of rabb i t . 
GOLDBERG (1966) p o i n t e d out t h a t t h e pro te ins were l inked with t h e R N A by 
m a g n e s i u m ions. He f u r t h e r proved w i t h E. coli, p ea and ra t l iver r ibosome 
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in v i t ro tha t t h e h o u n d m a g n e s i u m was a f u n c t i o n of the concent ra t ion of 
f r ee magnesium ions in the m e d i u m . The q u a n t i t y of magnes ium bound by t h e 
70 S ribosome of E. coli is three t i m e s more in t h e case of a 10~2 mo l magnesium 
concent ra t ion of t h e medium t h a n when t h e concen t ra t ion is on ly 10 _ 4 mo l . 
I n t h e la t ter case dissociated (30 S and 50 S subun i t s ) r ibosome were present 
in t h e medium. Goldberg found , a t t he same t i m e , tha t a t concen t ra t ions of 
10 " 4 —10~ 2 mol a basic r ibosome f i x e d about 1600 magnesium ions, at a r a t io 
of 0.5 Mg : P. On t h i s basis it can b e supposed t h a t t h e phospha t e of a complete 
r ibosome is l inked wi th magnes ium. In cer ta in cases more t h a n one magne-
s i u m atom m a y b e a t t a ched to t h e R N A , which is in connection w i t h the high ion 
i n t ens i t y due to t h e phospha te g r o u p of RNA. Accord ing to HURWITZ- ROSANO 
(1967) magnes ium occurs on t h e r ibosome in t w o types of bond . One of t h e m 
c a n be replaced t h r o u g h dialysis ( to about one th i rd ) while t h e o the r canno t . 
Magnesium f ixed w i t h a s t ronger b o n d belongs t o t h e laminar R N A . According 
t o invest igat ions m a d e by the a u t h o r s the s t a b i l i t y of the r ibosome or iginat ing 
f r o m the embryo of the rice p l a n t depends n o t only on t h e magnes ium con-
cen t ra t ion , bu t a lso on the t e m p e r a t u r e . At a t e m p e r a t u r e of 0 °C dissociation 
i n t o subunits o n l y occurred w i t h a magnes ium concent ra t ion of 1 • 10 ~4, 
mol . , while at 28 °C it came a b o u t already a t 5 • 10~4 mol. 
Here we p r e s e n t an a m i n a t i n g reac t ion , as the scheme of g lu tamin 
syn thes i s : 
G l u t a m a t e 2 - + A T P 4 - + N H , • G l u t a m i n e " + A D P 3 - -f 
+ H P 0 4 2 - + H + 
This reaction is ca ta lysed by t h e g lu t amine - syn the taze enzyme which, in t u r n , 
is ac t ivated b y magnes ium. 
On the bas i s of microcalor imetr ic s tud ies , Robinson p o i n t e d out t h a t 
u n d e r identical condi t ions t h e f r ee energy c h a n g e in a m e d i u m conta ining 
magnes ium was —0.7 kcal/mol, while in t h e absence of m a g n e s i u m —9.34 
kcal /mol . Since t h e aminat ing processes are i m p o r t a n t react ions of the prote in 
synthes is , it is e a sy to unde r s t and t h a t magnes ium plays a s ignif icant role in 
t h e energy t u r n o v e r in spite of t h e fact t h a t t h e acid amines can only be 
r ega rded as a m i n o reserves. 
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SOME OBSERVATIONS ON THE SPERMOSIN 
FRACTIONS 
EXCITATION AND FLUORESCENCE SPECTRA, AND AMINO ACID 
COMPOSITION OF SPERMOSIN AND ACTOSPERMOSIN FRACTIONS 
By 
S . FAZEKAS, I . VERES, I . KÁSA, A . PATTHY, E . TYIHÁK 
I N S T I T U T E O F MEDICAL B I O C H E M I S T R Y , S E M M E L W E I S U N I V E R S I T Y O F M E D I C I N E , B U D A P E S T ; 
ELECTRON-MICROSCOPE A N D X - R A Y L A B O R A T O R Y O F T H E MICROBIOLOGICAL I N S T I T U T E 
O F A G R I C U L T U R A L S C I E N C E S , GÖDÖLLÖ; I N S T I T U T E FOR A P P L I E D CHEMISTRY 
OF T H E T E C H N I C A L U N I V E R S I T Y , BUDAPEST; R E S E A R C H I N S T I T U T E F O R P H A R M A C E U T I C A L 
C H E M I S T R Y , B U D A P E S T ; R E S E A R C H I N S T I T U T E F O R MEDICINAL P L A N T S , B U D A P E S T 
In our experiments we deal with the fraction corresponding to actospermosin 
and with the chromatographic fractions of spermosin. In the course of fractioning 
we followed the disproportioning of the tail par t of the spermatozoa which we now 
present in light- and electron-microscopic photos. We studied the excitation and fluo-
rescence spectra as well as amino acid composition of chromatographic actospermosin 
and spermosin fractions. The results show tha t the excitation spectrum of actospermosin 
is restricted to a rather narrow band, but its fluorescence spectrum has a broad surface 
even in the vicinity of the peak which shows tha t it is not a uniform component. Before 
chromatography the excitation and fluorescence spectra of the spermosin fraction sug-
gest heterogeneity which is proved by the six fractions of the separation. Fractions 
I I I , IV and V display a considerable ATP-ase activity, while the activity of fract ion 
II has not been measured yet . In spite of the separation, the excitation and fluorescence 
spectra of the individual fractions still indicate heterogeneity. Methylated lysine occurs 
in the composition of the actospermosin and fractions IV and V of the spermosin: acto-
spermosin shows approximately 1 M%, fraction IV 0.76 and fraction V 1.22% methyla t -
ed lysin. The comparative basic amino-acid standard chromatograms show t h a t the 
methylated amino acid of the actospermosin and spermosin fractions is e-N-trimethyl 
lysin. 
In troduc t ion 
T h e p u r i f i c a t i o n of b u l l s p e r m o s i n w a s f i r s t a t t e m p t e d b y ENGELHARDT— 
BURNASHEVA (1957) , BURNASHEVA (1958) w h o s e p r e p a r a t i o n s w e r e n o t , h o w -
e v e r , s u f f i c i e n t l y p u r e , o w i n g t o m e t h o d i c a l d i f f i c u l t i e s . I n a n ea r l i e r p a p e r 
(FAZEKAS—VERES 1971) w e d e s c r i b e d t h a t s p e r m o s i n — a f r a c t i o n c o r r e s p o n d -
i n g t o i s o m y o s i n — c o u l d b e p r o d u c e d f r o m t h e t a i l f r a c t i o n of b u l l s p e r m a t o z o a 
i n c h r o m a t o g r a p h i c p u r i t y . W i t h t h e d e s c r i b e d m e t h o d t h e c r u d e s p e r m o s i n 
e l u a t e s f r o m t h e D E A E c o l u m n in f r a c t i o n I V , d i s p l a y s A T P - a s e a c t i v i t y a n d 
a t e n d e n c y t o c o m p l e x f o r m a t i o n . 
T h e p r e s e n t p a p e r g i v e s a n a c c o u n t of t h e e x c i t a t i o n a n d f l u o r e s c e n c e 
s p e c t r a of c r u d e a n d c h r o m a t o g r a p h i c a l l y p u r i f i e d s p e r m o s i n f r a c t i o n s w i t h 
t h e v i e w of c o m p a r i n g t h e m w i t h t h e e x c i t a t i o n a n d f l u o r e s c e n c e s p e c t r a o f 
m y o s i n f r a c t i o n s o b t a i n e d e a r l i e r in a s i m i l a r w a y (FAZEKAS et al. 1971) . 
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Besides, we also d e t e r m i n e d the qua l i t a t i ve amino-acid composi t ion of 
ac tospermosin a n d s p e r m o s i n b y amino-acid analysis, and a t t e m p t e d to p r o v e 
t h e occurrence a n d assess t h e quan t i t y of m e t h y l a t e d amino acids by co lumn 
a n d layer c h r o m a t o g r a p h y . 
[Material and Method 
Ejaculate freshly obtained f rom 5—8 bulls was cooled to 0 °C in 0.6 X 12 cm glass tubes 
pu t in ice, di luted with 0.1 M NaCl to a fourfold volume, then the cellular elements collected 
by centrifuging. The residue was suspended with NaCl solution of fivefold volume, and centri-
fuged to remove the soluble parts left behind. The residue containing the washed spermatozoa 
was suspended in 0.15 M KCl containing 20 mM TRIS-HC1 to a tenfold volume (pH 7.2), sep-
arated into h e a d and tail fract ions with ultrasonication (7 kilocycle, 10 minutes), and the 
head fractions were collected after 3 minutes of centrifuging at 300 g. A microscope examination 
of the greyish residue revealed occasional tail fractions. Therefore, this fraction was again sus-
pended, and — as before — differentiated in a centrifuge in order to pass over the remaining 
tail fractions to the supernatant. F r o m the joined supernatant fraction the tail parts were re-
moved by centrifuging (for 20 minutes at 5000 g). The fractions thus collected were used for 
the isolation of spermosin — with some modification as described in an earlier publication 
( F A Z E K A S — V E R E S 1971). The tail fraction was suspended in 5 ml 0.15 M KCl and repeatedly 
disintegrated wi th ultrasonic t r ea tments (10 minutes, 7 kilocycle) to facilitate the isolation of 
spermosin in the next step. The volume of the suspension was diluted with appropriate solutions 
to 20 times the volume of the solid material so tha t it contained 0.5 M KCl, 0.11 M phosphate 
buffer (pH 6.3) and 2 mM 2-mercaptoethanol. During the extraction the suspension was pu t 
in ice and now and then stirred, t hen the insoluble residue was removed after 20 minutes by 
centrifuging (for 20 minutes at 5000g). From the supernatant the spermosin was precipitated 
by dilution with distilled water a t a ratio of 11 : 1, and collected by centrifuging for 20 minutes 
(5000g). The precipitate was redissolved in 0.5 M KCl of 15 unit volume — first by stirring 
it slowly in a low volume suspension —, then the f ract ion analogous to actomyosin was diluted 
with distilled wa te r to 0.26 M KCl and thus precipitated, then collected by a 20 minute 
centrifuging a t 5000g. The spermosin left behind in the supernatant was again precipitated 
through dilution to a concentration of 0.03 M KCl, then collecting by means of a centrifuge, 
as before. Final ly, the crude spermosin was redissolved in 0.5 M KCl containing 2 mM 2-mer-
captoethanol, corresponding to a concentration of 5—10 mg/ml. 
The spermosin fraction, a f t e r sampling, was equilibrated, by being dialysed against 
0.02 M pyrophosphate, and purified chromatographically, as described in the previous publi-
cation. The results and eluates are presented in Fig. 6. 
From the chromatographic fractions we equilibrated the peak tubes and the noil-
chromatographied samples as well as the fraction called actospermosin by dialysing it against 
0.5 M KCl. We determined the UV-absorption values of the fractions a t 280 nm, and from an 
aliquot quant i ty measured the N content by Kjeldahl ' s method to be able to calculate their 
protein content. The N contents were taken uniformly for 16 per cent. 
The fluorescence and excitat ion spectra were measured with a HITACHI MPF-2 A 
spectrofluorometer at the Inst i tute of Applied Chemistry of the Budapest Technical University. 
According to a conventional agreement, when measuring the fluorescence spectrum, the optical 
system was ad jus ted at right angles to the pa thway of the excitation ray of light. Measuring 
was performed into quartz cuvet tes of 1 cm ray length. To remove disperse light, a cut-off 
filter was applied at 290 nm. A 150 W xenon lamp was used as a light source. When preparing 
the excitation spectra, we measured the samples a t 340 nm, the wavelength of fluorescence 
maximum. In tens i ty was marked on the ordinate in relative work units. 
The pro te in samples were hydrolysed with 6 n hydrochloric acid of 1 : 100 rat io in 
sealed tubes p u t in a vacuum at 110° for 24 hours. The hydrolysates were dried in a rotary 
evaporator and used for quant i ta t ive analysis. 
The amino acid analysis was carried out with a J E O L (Japan) JLC-5AH-type apparatus . 
We placed the hydrolysates on LC-R-1 type resin made in Japan and employed the method of 
S E L L Y ( 1 9 6 9 ) in order to be able to detect the methylated amino acids too; chromatography 
was carried ou t with 0.35 M ci t ra te buffer (pH 6.58) at 25 °C, with a through-flow speed of 
100 ml/hour ( = 1.54 ml/min) of the buffer. e-N-methyl lysin and arginin derivatives were 
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Fig. 1. Head fraction of bull spermium af ter ultrasonication and centrifugation 
earlier produced by P U S K Á S — T Y I H Á K ( 1 9 6 9 ) wi th total synthesis. With the au thent ic N-
methyl amino-acids and basic amino-acids we performed standard chromatographic separation 
to identify the unknown amino acids. 
The electron-microscopic photos were made with a Phillips EM 200 appara tus after 
dialysis performed against 1 M ammonium acetate and negative contrast staining wi th 1 per 
cent uranyl acetate. 
Results 
Fig. 1 shows the f r a c t i o n of spe rmium heads s e p a r a t e d by cen t r i fuga t ion 
with some ta i l par ts lef t beh ind , which jus t i f i e s us in h a v i n g r epea t ed ly sus-
pended i t a n d separa ted i t b y cen t r i fuga t ion . 
To c o m p a r e the h e a d a n d tail p a r t s of the spe rmatozoa , Fig. 2 shows the 
picture of a spermatozoa m a d e by in ter ference-microscope t echn ique . The 
head pa r t is abou t 7 — 8 mic ron long, a n d the i r mass is seen on the l ight -micro-
scope p h o t o of Fig. 1. T h e ta i l pa r t is 45 — 55 micron long , and the d i a m e t e r s 
of the base , middle and b a r e end pa r t a re 0.75 — 0.85, 0 .5 and 0.25 mic ron , 
respect ively. The most conspicuous f e a t u r e of the ta i l p a r t is t h a t t h e cell 
m e m b r a n e a n d the dark i sh coat become t h i n here a n d the re , t hus d iv id ing 
the tail p a r t into 2.5 — 5.5 micron long members . The re fo re the u l t r ason ic 
t r e a t m e n t c a n n o t result in i n t ac t tail f r ac t i ons , only smal ler or larger p a r t s can 
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Fig. 2. Interference contrast microscopy of bull spermatozoa 
b e obta ined w i t h i t . Fig. 3a s h o w s a piece w h e r e we can e v e n see t h a t d i sp ro -
p o r t i o n i n g o c c u r s a t t h e p l aces w h e r e the t a i l p a r t is t h in . F u r t h e r , we can see 
t h a t the ta i l is of f ibr i l lar s t r u c t u r e . The f i b r i l l a r sys tem is i m b e d d e d in t h e 
c o a t and in s o m e f ine basic s u b s t a n c e — t h e m a t r i x . I t is k n o w n t h a t in t h e 
s t r u c t u r e of t h e s p e r m a t o z o a t a i l a p a t t e r n cons i s t ing of 9 o u t e r and 9 i n n e r 
per i fer ia l f i l a m e n t s a r r anged in t w o circles, a n d of two c e n t r a l f i l a m e n t s is 
r e a l i z e d (BAHR —ZEITLER 1 9 6 4 , BERNSTEIN — TEICHMAN 1 9 7 2 ) . T h e f i g u r e 
shows 1 f i l a m e n t of each of t h e ou t e r and i n n e r circle. F i l a m e n t s be longing t o 
t h e outer circle a r e th icker a n d m o r e c o m p a c t . T h e f i l a m e n t s of t h e inner c i rc le 
a r e th inner . T h e th icker f i l a m e n t s are seen t o be d iv ided i n t o even s m a l l e r 
u n i t s by a c o n t r a s t ma te r i a l s t a i n e d more d a r k . On t h e t h i n n e r f ib res — w h e r e 
t h e cont ras t m a t e r i a l has d i s so lved — it is q u i t e clearly seen t h a t t h e f i b r i l 
is divided i n t o sausage- l ike s u b u n i t s ( subf ibe r ) . W h e n e x a m i n e d more c lose ly , 
t h e s e s u b f i l a m e n t a r y s u b u n i t s a r e seen to be d iv ided l o n g i t u d i n a l l y by a d a r k 
l ine , t h a t is, t h e subf ibe r s of t h e inner circle a r e doub le t s . W h e n t a k i n g t h e 
m e a s u r e m e n t s of t h e s u b f i b r e s i n t o accoun t , w e m a y a s s u m e t h a t m a x i m u m 
6 — 8 of t h e m c a n be c o n t a i n e d in an inner p i ece of f ibe r . F i g . 3b shows m a g n i -
f i e d s u b f i l a m e n t a r y s u b u n i t s . 
The 108,000 X m a g n i f i c a t i o n of Fig. 4 shows the d o u b l e t s to open a n d 
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Fig. 3b. Subfibers of the bull spermatozoa's tai l filaments. Magnification X 56,000 
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revea l a s t r u c t u r e consisting of protein molecules arranged regularly like a 
s t r ing of pear ls . 
On the h a s i s of what h a v e been told a b o v e we are j u s t i f i e d in h a v i n g 
in t roduced t h e m e t h o d of r e p e a t e d d i s in tegra t ion (ultrasonic t r ea tmen t ) . I n 
t h e course of t h e subsequent ex t rac t ion t h e 0 .5 M KCl releases fur ther s u b -
un i t s from the f i l a m e n t a r y s u b u n i t s , and the i r m a s s forms t h e c rude spermosin 
f rac t ion seen in F ig . 5. The s u b u n i t s seen in t h e pictures — w h e n compared t o 
those of the s u b f i b e r seen in F ig . 3a a p p e a r t o contain a b o u t four of t h e s e 
e lementary u n i t s . 
Fig. 4. T h e doublets of subfiber from inner f i lament . Magnification X 108,000 
Since t h e sa l t s were r e m o v e d th rough dialysis against 1 M a m m o n i u m 
aceta te , in s o m e places of t h e p ic tu re salt p rec ip i ta t ion f rom t h e buffer or t h e 
dialysing so lu t ion can be seen. 
Fig. 6 s h o w s the chromatographic f r a c t i o n s of spermosin separated on a 
DEAE-cel lu lose column. The c h r o m a t o g r a m differs f rom t h e cor responding 
chromatogram published ear l ier , inasmuch a s we now succeeded in o b t a i n i n g 
measurable q u a n t i t i e s of f r a c t i o n I I I too, so we can present i t s spectra as wel l . 
Figs 7 a n d 8 show t h a t t h e c h r o m a t o g r a p h e d spermosin fract ions in t h e 
peak tubes, h a v i n g been s to red for some 24 — 36 hours, possess s p o n t a n e o u s 
aggregation tendenc ies , and ar t i f ic ia l f i l a m e n t s are produced. When e x a m i n i n g 
these ar t i f ic ia l f i l aments m o r e closely, we c a n see tha t t h e y do not show a 
regular p a t t e r n , b u t are spon taneous aggrega tes . 
F luorescence spectra. F ig . 9 presents t h e excitation a n d f luorescence 
spectra of acrospermosin , F ig . 10 those of spermosin, t h e l a t t e r before t h e 
ch roma tog raph ic separat ion. I n Figs 11 a n d 12 the spec t ra of f ract ions I I I 
and IV o b t a i n e d f rom the DEAE-cel lu lose co lumn are seen. 
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5. Protofibrils of bull-tail f i laments gained as rough spermosin fraction. Magnification 
X 16,000 
Fraction numoer 
6. Chromatography of the bull spermosin on DEAE-celluIose column with step-by-step 
elution method 
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Fig. 7. Aggregated filament f rom chromatographied spermosin IV fraction. Magnification 
X 27,000 
Fig. 8. Aggregated filament f rom chromatographied spermosin V fraction. Magnification 
X 16,000 
When compar ing t h e exci ta t ion a n d fluorescence spec t ra of t h e indi-
vidual f i gu re s , we can see t h a t the exc i ta t ion spectrum of t h e f rac t ion corre-
sponding t o " a c t o s p e r m o s i n " is restr icted t o a rather n a r r o w band, i ts max i -
m u m being 290 nm, but i ts f luorescence s p e c t r u m is b r o a d even in t h e v ic in i ty 
of the peak , and in its u p p e r third covers an about 50 n m wide b a n d ; i ts 
max imum is 340 nm and of broad sur face , which suggests t h a t the re is no 
uniform c o m p o n e n t involved here (Fig. 9) . 
The exc i ta t ion and f luorescence s p e c t r a of the c rude spermosin f r ac t i on 
reveal t h a t h e r e we are dea l ing with a m i x t u r e of more t h a n one c o m p o n e n t . I t 
is mainly t h e fluorescence s p e c t r u m t h a t shows a considerable devia t ion f r o m 
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Wavelength nm 
Fig. 9. Excitation and fluorescence spectra of actospermosin af ter a single purification 
nm 
Wavelength 
Fig. 10. Excitation and fluorescence spectra of spermosin before chromatography 
t he s p e c t r a of pure p r o t e i n s in the lower range of t h e wavelength . T h e fact 
t h a t i t shows a considerable omission even beyond 470 n m suggests t h e presence 
of l ipids (Fig. 10). 
T h e spectra of f r a c t i o n s I I I a n d I V separated ch roma tog raph ica l ly and 
possessing an ATP-ase ac t iv i ty s t r ong ly resemble t h e pure p ro te ins , bu t a 
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Wavelength nm 
Fig. 11. Excitation and fluorescence spectra of the third f ract ion of ehromatographied spermosin 
Wavelength nm 
Fig. 12. Excitation and fluorescence spect ra of the four th fraction of ehromatographied sper-
mosin 
doub le peak a p p e a r s in the e x c i t a t i o n spectra of bo th of t h e m which is more 
expressed in f r a c t i o n I I I . Accord ing ly , the f luorescence s p e c t r u m covers a 
b r o a d e r surface of t h e upper t h i r d in f ract ion I I I than in f r a c t i o n IV (Figs 
11 a n d 12). 
The amino-ac id composi t ion of ac tospermosin and spe rmos in (peak IV) 
w a s de termined, a n d the resul ts a r e summed u p in Table 1. 
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Table 1 
Amino-acid composition of actospermosin and the spermosin fractions IV and V expressed in 
Mol/100 Mol total amino-acid residues 
Amino acid Actospermosin Spermosin IV Spermosin V 
M/100 M M/100 M M/100 M 
MeSO 2.1 in traces in traces 
Asp 1 1 . 0 8.8 7.30 
Thr 6.5 1.8 6.70 
Ser 9.3 13.5 11.70 
Glu 12.9 13.6 16.00 
Pro 6.1 2.3 in traces 
Gly 9.2 17.7 23.0 
Ala 8.0 8.7 8.55 
Val 8.7 1.5 2.89 
Met 2.0 4.0 3.5 
lie 1.12 2.0 1.10 
Leu 7.1 6.5 3.28 
Tyr 3.1 3.4 2.12 




Lys 8.4 9.9 8.4 
His 1.9 3.1 in traces 
Me-Lys 1.1 0.76 1.22 
Arg 4.6 6.2 5.12 
* No identification of t ryptophane has been made 
The t ab l e gives t h e average da ta o b t a i n e d from t h e amino-acid analys is 
of ac tospermosin derived f r o m four s e p a r a t e isolations, a n d of the ch roma-
tog raphed spermosin f r ac t ions IV and V. B o t h ac tospermosin and spermos in 
f rac t ions IV and V con ta in large q u a n t i t i e s of mono-amino-d icarbonic acid 
(Asp and Glu) like the musc le ac tomyos in and myosin. 
Actospermosin con ta ins a p p r o x i m a t e l y M Me-Lys (100 amino-ac id 
residues). In t h e spermosin f ract ions Me-Lys is a lways present ; in f r ac t i on 
IV we de t e rmined abou t 0.7, while in f r a c t i o n V a s o m e w h a t higher ave rage 
— abou t 1.2 M/100 — for Me-Lys. A l t h o u g h the value of t h e lat ter is h igher , 
bu t — as ment ioned before — it conta ins nucleic acid a n d lipid too, f r ac t i on 
V is supposed ly not t h e only protein. 
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The resu l t s of ch roma tograph ic f rac t ions I I and I I I n e e d repeti t ion. O u r 
d i s t ru s t is b a s e d on the fac t t h a t the q u a n t i t y of f ract ions I I and I I I va r i e s 
i n t h e successive prepara t ions , n o w fraction I I , now fract ion I I I shows a l a rger 
p e a k area. W e assume t h a t t h e differences a r e caused b y t h e fact t h a t t h e 
e jacula tes o r i g ina t e from 8 or 9 different bu l l s . 
When summar iz ing our r e s u l t s , we es tab l i sh t ha t the spermos in or iginates 
f r o m the f ibr i l la r system of t h e ta i l part of t h e spermatozoa — from the sub-
f i be r s , or more precisely f rom i t s e lementary u n i t s , the p ro tof ib r i l s . The spe rmo-
sin purified b y prepara t ive m e t h o d s is ch roma tog raph i ca l l y heterogeneous, 
a n d can be s e p a r a t e d into a t leas t 4 f r ac t i ons exhibit ing ATP-ase ac t i v i t y . 
Of them f r ac t ions IV and V s h o w a tendency t o fo rm aggregates , while s t a n d i n g 
ar t i f icial f i l a m e n t s like in t h e myosin and ac tomyosin s y s t e m s are p roduced 
in them. 
I t has r e m a i n e d u n d e c i d e d , however, f r o m which of t h e two f i l a m e n t 
sys tems the spermosin f r a c t i o n originates, or more precise ly , we have n o 
evidence w h e t h e r t h e p ro tof ib r i l s of the crude spermosin f r a c t i o n are p roduced 
b y the outer, t h e inner or b y b o t h f i l a m e n t a r y systems. 
He te rogene i ty is also suppo r t ed b y t h e exci tat ion a n d f luorescence 
spec t ra of t h e ind iv idua l f r a c t i o n s . The bands of the exci ta t ion and f luorescence 
spec t ra of t h e corresponding f r ac t ions or ig ina t ing from s t r i a t e d rabbi t musc le 
a r e narrower, a n d those of f r a c t i o n s before c h r o m a t o g r a p h y are more h o m o -
geneous, too. 
Data o b t a i n e d with amino-ac id analysis show t h a t t h e actospermosin 
a n d the spe rmos in fractions I V and V are p ro te ins of acidic character , st i l l 
t h e y greatly d i f f e r in amino-acid composition f r o m the ac tomyos in and myos in 
originating f r o m t h e muscles of mammals . W e wish to note h e r e t h a t according 
t o the electron-microscopic p h o t o s , the ac tospermosin f r a c t i o n consists of 
o u t e r and inner f i l aments of v a r i o u s length, a n d of art if icial f i l amen t s reaggre-
g a t e d from t h e i r dissolved s u b s t a n c e . 
The m e t h y l a t e d lysin p e a k is sys temat ica l ly present in all three f r ac t i ons 
examined, a n d on the basis of comparisons seems to be e -N- t r imethy l lys in . 
W e have tr ied t o prove this s t a t e m e n t by t h e p a p e r and t h i n - l a y e r ch romatog-
r a p h y me thods of TYIHÁK—VÁGUJFALVI (1970) and TYIHÁK (1973), b u t t h e 
resu l t s ob ta ined so far are n o t suff icient ly re l iab le ; much m o r e initial m a t e r i a l 
a n d the prev ious separat ion a n d concentra t ion of the a m i n o acids are n e e d e d . 
I t is a ques t ion more a n d more f r e q u e n t l y raised in t h e l i terature t h a t 
f i l amen t s s imi lar t o actin occur in mammal ian protozoa too (YOUNG—NELSON, 
1969), moreover , t h e y can be electron-microscopical ly obse rved in p repa ra t ions 
isola ted f rom t h e testicles of such small a i n m a l s as Nephrostoma saturalis 
L o e w (Crane f l y , BEHNKE et al. 1971). In s p i t e of the l i t e r a r y da ta , so f a r we 
h a v e not succeeded in col lect ing as much " a c t i n f r ac t ions" as enabling us t o 
p r o v e their a c t i n character b y biochemical m e t h o d s . 
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REACTION OF A LITTLE-KNOWN LABIATAE PLANT 
TO TWELVE PLANT VIRUSES 
By 
J . HORVÁTH 
R E S E A R C H INSTITUTE F O R P L A N T P R O T E C T I O N , B U D A P E S T 
Our artificial infection experiments relative to the virus susceptibility of Ocimum 
canum Sims (Family: Labiatae) showed that it was locally susceptible to the tobacco 
rat t le virus (R/ l : 2.3/5 : E/E : S/Ne) as well as locally and systematically sensitive to 
cucumber mosaic virus (R/l : 1/18 : S/S : S/Ap), potato aucuba mosaic virus : 
* / • * : E/E : S/Ap), potato virus X (R/l : * / 6 : E /E : S/Fu), tobacco mosaic virus 
( R / l : 2/5 : E/E : S / * ) and tobacco ring spot virus (R/ l : 1.8/42 : S/S : S/Ne). During 
the infection experiments Ocimum canum Sims proved to be immune from six viruses 
(bean [common] mosaic virus: : * / * : E/E : S/Ap; potato virus M, : 
E /E : S/Ap; potato virus S, * / * : * / # : E/E : S/Ap; potato virus Y, * / * : # / * : 
E / E : S/Ap; radish mosaic virus, R/s|t : : S/S : S/CI and turnip yellow mosaic virus, 
R / l : 1.9/37 : S/S : S/Cl). As a screening host plant Ocimum canum Sims can be used for 
the separation of certain viruses, and is expecially suitable for the identification of 
cucumber mosaic virus. 
In troduct ion 
T h e e x p e r i m e n t s i n t h e c o u r s e o f w h i c h Ocimum basilicum L . b e l o n g i n g 
t o t h e f a m i l y Labiatae w a s f i r s t f o u n d t o b e s u s c e p t i b l e t o t o m a t o s p o t t e d wi l t 
v i r u s ( R / * : : S / S : S / T h ) b e g a n a l m o s t t h r e e d e c a d e s ago (DELLE COSTE — 
ZABALA 1946) . A c c o r d i n g t o ou r p r e s e n t k n o w l e d g e , Ocimum basilicum L . is — 
in a d d i t i o n — s u s c e p t i b l e t o t h e f o l l o w i n g v i r u s e s : p o t a t o v i r u s X (R/L : * / 6 : 
E / E : S / F u ) , LADEBURG et al. 1950) , t o b a c c o r a t t l e v i r u s (R/L : 2 .3 /5 : E / E : 
S / N e , SCHMELZER 1 9 5 7 ) , c u c u m b e r m o s a i c v i r u s (R/L : 1/18 : S /S : S / A p , 
LOVISOLO 1958, HORVÁTH 1969), Lamium m i l d m o s a i c v i r u s ( * / * : : 
: S / A p , LOVISOLO 1958), t o b a c c o n e c r o s i s v i r u s ( R / * : : S /S : 
S / F u , GIGANTE 1959) , a l f a l f a m o s a i c v i r u s (R/L : 1 .3 /18 : U / U : S / A p , LOVISOLO 
1960, 1961) , t o b a c c o m o s a i c v i r u s (R/L : 2/5 : E / E : S / * , LOVISOLO 1960) , 
t o m a t o b u s h y s t u n t v i r u s ( s y n . : Pelargonium l e a f c u r l v i r u s , R/L : 1 . 5 / 1 7 : 
S/S : S/-^-, LOVISOLO 1960) , Tropaeolum r i n g s p o t v i r u s ( s y n . : Nasturtium r i n g 
s p o t v i r u s , : Ц«-/* : : S / A p , SCHMELZER 1960) , c h e r r y P f e f f i n g e r 
d i s e a s e v i r u s : : : S / N e , KEGLER 1960) , a r a b i s m o s a i c v i r u s 
(R/L : -#-/41 : S/S : S / N e , SCHMELZER 1962, KLINKOWSKI — USCHDRAWEIT 
1968a ) , c o w p e a a p h i d - b o r n e m o s a i c v i r u s ( * / * : : E / E : S / A p , LOVISOLO 
1966, LOVISOLO —CONTI 1966), Petunia a s t e r o i d m o s a i c v i r u s ( s y n . : Pelargonium 
leaf c u r l v i r u s a n d t o m a t o b u s h y s t u n t v i r u s , see b e f o r e b y t o m a t o b u s h y s t u n t 
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v i r u s , LOVISOLO 1966), r a s p b e r r y r ing spo t v i rus : ^ / 4 4 : S/S : S/Ne, 
KEGLER 1968), s t r a w b e r r y ve in c lear ing v i r u s (*/ -#• : : : S/(Ne), 
KEGLER 1968), t o m a t o b lack r i n g v i rus (•*•/•*• : : S/S : S / N e , SCHMELZER 
1963, KLINKOWSKI — USCHDRAWEIT 1968b) a n d p a p a w mosa ic v i rus ( -^ /Ж : 
: E / E : S / * ) as well as p a p a w r ing s p o t v i rus : E / E : S/Ap, 
COOK— MILBRATH 1971). On t h e basis of t h e resul t s of e x p e r i m e n t s i t is 
f u r t h e r k n o w n t h a t Ocimum basilicum L . is n o t only an a r t i f i ca l t e s t 
p l a n t b u t also a n a t u r a l hos t p l a n t of c u c u m b e r mosaic v i rus (cf. MARINI 
1955) and a l f a l f a mosaic v i rus (cf. FELDMAN—GRACIA 1970). Acco rd ing to t h e 
ava i l ab l e l i t e r a r y d a t a and o u r exper iences , Ocimum basilicum L . w a s f o u n d 
t o b e res i s tan t t o t h e fol lowing n i n e p l a n t v i ruses : bee t mosa ic v i rus (•£/•£ : 
^/•эк : E / E : S /Ap , LOVISOLO 1960), c a b b a g e b l ack r ing spo t v i rus (syn. : 
t u r n i p mosaic v i r u s , : ^ / Ж : E / E : S /Ap, LOVISOLO 1960), p o t a t o v i rus 
: : E / E : S/Ap, LOVISOLO 1960), b e a n ( common) mosa ic v i rus 
E / E : S/Ap, LOVISOLO 1966), cowpea mosaic v i rus (R/L : 1.1/31 : 
S /S : S/Cl, LOVISOLO 1966), h e n b a n e mosaic v i rus : E / E : S/Ap, LO-
VISOLO 1966), p o t a t o aucuba m o s a i c virus ( Ж / Ж : Ж/-*- : E / E : S /Ap , LOVISOLO 
1966), Sorghum r e d str ipe d isease v i rus ( syn . : suga rcane mosa ic v i rus , т^/^- : 
í+r/í+c : E / E : S/Ap,LOVISOLO 1966) a n d t u r n i p ye l lowmosa ic v i rus (R/L : 1.9/37: 
S /S : S/Cl , LOVISOLO 1966). Accord ing to t h e d a t a of l i t e r a tu re , Ocimum basili-
cum L. is p r i m a r i l y suscept ib le t o t h e i somet r ic v i ruses ( excep t fo r cowpea 
mosa i c v i rus a n d t u r n i p yel low mosa ic v i rus) . 
About t h e v i rus suscep t ib i l i ty of a n o t h e r less k n o w n Ocimum species, 
Ocimum canum S ims ha rd ly a n y t h i n g is k n o w n . According to our knowledge , 
Ocimum canum Sims is on ly suscep t ib le t o t o m a t o b lack r ing v i r u s ( ^ / ^ : 
S/S : S /Ne , SCHMELZER 1963), che r ry leaf roll v i rus 
S / N e , SCHMELZER 1966), p o p l a r mosaic v i rus ( -* - /* : : E / E : S / * , 
SCHMELZER 1966) and a l fa l fa mosa ic v i rus (cf. HORVÁTH — BECZNER 1973a). 
Consider ing t h a t our knowledge of t he v i rus suscept ib i l i ty of Ocimum canum 
Sims is still v e r y incomple te , we carr ied o u t inves t iga t ions on t h e ques t ion 
w h e t h e r th i s p l a n t is su i t ab le fo r t he i den t i f i ca t ion of o the r v i ruses and t h e 
s epa ra t ion of t h e di f ferent v i ruses . 
Ma te r i a l and Method 
In our artifical infection experiments the following viruses and virus strains were used: 
bean (common) mosaic virus (HORVÁTH 1973), four strains of cucumber mosaic virus 
( E , E , T a n d W s t r a i n s , c f . H O R V Á T H — S Z I R M A I 1 9 7 3 , H O R V Á T H 1 9 6 9 , H O R V Á T H — B E C Z N E R 
1973b, S K I E H E — S C H M E L Z E R 1967), potato aucuba mosaic virus ( H O R V Á T H 1972a), two strains 
(Bi and Fo) of potato virus M ( * / * : # / # : E/E : S/Ap, H O R V Á T H — D E B O K X 1971), two 
strains ( L and Yss) of potato virus S ( • * / * : # / • * : E/E : S/Ap, H O R V Á T H 1972b), potato 
virus X ( H O R V Á T H - B E C Z N E R 1968), normal strain and veinal necrosis strain of potato virus 
Y (HORVÁTH 1966, 1967), two strains (HZ and H7) of radish mosaic virus ( R / * : * / * : 
S / S : S/Cl, § T E F A N A C — M A M U L A 1971, H O R V Á T H et al. 1973), U L strain of tobacco mosaic virus 
( S I E G E L — W I L D M A N 1954), tobacco rattle virus ( H O R V Á T H 1973), tobacco ring spot virus 
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( H O R V Á T H 1 9 7 3 ) and two strains ( Y 6 5 and H 4 ) of turn ip yellow mosaic virus ( M A M U L A 1 9 6 8 » 
J U R E T I C et al. 1 9 7 3 ) . 
Before the inoculation the young Ocimum canum Sims plants used in the experiment were 
dusted with carborundum (mesh 500). Tissue saps containing viruses were diluted before 
inoculation with 0.15 M pH 7.0 buffer a t a ratio 1 : ' . Af te r inoculation performed with the 
carborundum-spatula technique the infected plants were sprinkled with tap water. F r o m 
inoculated and non-inoculated or subsequently developed leaves of Ocimum canum Sims p lants 
remaining symptomless after inoculation, viruses were reisolated on the th i rd or fourth week 
to susceptible host p lants : Brassica rapa L. var. rapa ( radish mosaic virus and turnip yellow 
mosaic virus), Gomphrena globosa L. (potato virus X), Nicotiana glutinosa L. (potato aucuba 
mosaic virus), Nicotiana tabacum L. cv. Samsun (tobacco ra t t l e virus), Nicotiana tabacum L. cv. 
Xanthi -nc (tobacco mosaic virus and tobacco ring spot virus), Phaseolus vulgaris L. (bean 
[common] mosaic v i rus and tobacco ring spot virus), Solanum demissum Lindl. A6-hybrid (po-
t a to virus Y) and Tetragonia tetragonoides (Pall.) O. K tze . (cucumber mosaic virus). Before 
the reisolation of viruses the inoculated leaves of Ocimum canum Sims were surface-sterilized 
with a 2 per cent N a O H solution, then washed repeatedly with a sharp j e t of tap water, and 
from the leaves tissue sap was made in the usual way. We at tempted to demonstrate the pres-
ence of potato virus M and potato virus S by using the serological method of agglutination (cf. 
H O R V Á T H 1971). In t h e serological tes ts both the inoculated and the non-inoculated, newly 
developed leaves of Ocimum canum Sims were taken into consideration. 
Results 
On the basis of our exper imenta l results i t could be es tabl ished t h a t one 
of t h e twelve v i ruses included in t h e exper iment (tobacco r a t t l e virus) caused 
only local s y m p t o m s , while f ive of t h e m (cucumber mosaic v i rus , po t a to a u c u b a 
mosa ic virus, p o t a t o virus X, t o b a c c o mosaic v i r u s and tobacco r ing spot v i rus) 
caused local and sys t emic diseases or symptoms in t h e inoculated Ocimum canum 
Sims plants (Table 1). The e x a m i n e d Ocimum canum Sims p l a n t s proved to be 
r e s i s t an t to six v i ru se s (bean [ c o m m o n ] mosaic v i rus , po ta to v i rus M, p o t a t o 
v i rus S, pota to v i r u s Y, radish mosa ic virus a n d t u r n i p yellow mosaic vi rus) . 
T h e mos t severe sy s t emic s y m p t o m s were caused b y various s t r a ins of cucumber 
mosa ic virus (Fig . 1). From a symptomato log ica l point of v i ew we th ink i t 
des i rable to m e n t i o n t h a t abou t f o u r weeks a f t e r t h e infect ion intensive s t e m 
a n d foo t necrosis a p p e a r e d in each case on t h e inocu la ted Ocimum canum Sims 
p l a n t s (Fig. 2). Inves t iga t ions were made to f i n d o u t whether t h e above s y m p -
t o m s are in any c a u s a l relation w i t h the virus in fec t ion . Tissue saps were pre-
p a r e d f rom the s t e m s and feet of p l an t s showing s t em- and foot-necrosis . W i t h 
t h e t i s sue sap o b t a i n e d diagnost ical test p lan ts were inoculated (see Mater ial 
a n d Method). Seve ra l days a f t e r t h e inoculat ion severe s y m p t o m s appeared 
on t h e tes t p lan ts inocula ted w i t h t h e tissue s a p obta ined f r o m t h e stem a n d 
foo t of Ocimum canum Sims p l a n t s infected ear l ie r with t obacco ra t t l e v i rus 
a n d tobacco mosa ic virus. F rom th i s we have d r a w n the conclusion t h a t t h e 
s y m p t o m s of s tem- a n d foot-necrosis are in connec t ion with t h e v i rus infect ion. 
This t h e o r y is, h o w e v e r , incons is ten t with the n e g a t i v e resul ts , namely , t h a t 
t h e viruses inc luded in the e x p e r i m e n t (with t h e exception of tobacco r a t t l e 
v i rus and tobacco mosa ic virus) cou ld in no case b e demons t r a t ed in test p l an t s 
inocu la ted with t h e t issue sap ob t a ined from t h e necrotic s t e m s and feet of 
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Table 1 
Reaction of Ocimum canum Sims to several plant viruses 
Viruses Symptoms* 
Reisolation of viruses 
or serological results** 
Bean (common) mosaic IL: no symptoms IL: negat ive 
virus NIL: no symptoms NIL: negative 
Cucumbcr mosaic virus IL: no symptoms IL: positive 
NIL: severe mosaic and leaf deforma- NIL: positive 
tion; mosaic and deformation on 
the axillary shoots (Fig. 1.) 
Potato aucuba mosaic virus IL: necrotic spots IL: posit ive 
NIL: no symptoms NIL: posit ive 
Pota to virus M IL: no symptoms IL: no reaction 
NIL: no symptoms NIL: no reaction 
Pota to virus S IL: no symptoms IL: no reaction 
NIL: no symptoms NIL: no reaction 
Potato virus X IL: necrotic spots IL: positive 
NIL: no symptoms NIL: posit ive 
Pota to virus Y IL: no symptoms IL: negat ive 
NIL: no symptoms NIL: negative 
Radish mosaic virus IL : no symptoms IL: negative 
NIL: no symptoms NIL: negative 
Tobacco mosaic virus IL: necrotic spots and mosaic IL: posit ive 
NIL: mosaic NIL: posit ive 
Tobacco rattle virus IL: necrotic spots IL: posit ive 
NIL: no symptoms NIL: negative 
Tobacco ring spot virus IL: mosaic IL: positive 
NIL: mosaic on the leaves and on the NIL: positive 
axillary shoots 
Turnip yellow mosaic virus IL: no symptoms IL: negat ive 
NIL: no symptoms NIL: negative 
Abbreviations used: * IL: inoculated leaves; NIL: non-inoculated leaves or subsequently 
developed leaves of the infected Ocimum canum Sims plants. ** Serological results by potato 
virus M and pota to virus S 
p l a n t s i n f e c t e d w i t h t h e d i f f e r e n t v i r u s e s . E x p e r i m e n t s w e r e f u r t h e r c a r r i e d o u t 
t o f i n d o u t w h e t h e r t h e n e c r o t i c d i s e a s e s of s t e m s a n d f e e t of Ocimum canum 
S i m s p l a n t s w e r e n o t c a u s e d h y s o m e s o i l f u n g u s o r b a c t e r i u m . A c c o r d i n g t o 
t h e r e s u l t s of e x p e r i m e n t s o n l y s a p r o p h y t i c b a c t e r i a c o u l d b e i s o l a t e d f r o m t h e 
n e c r o t i c s t e m a n d f o o t t i s s u e s . C o n s i d e r i n g t h a t b o t h v i r u s e s c o u l d b e r e - i s o l a t e d 
a l s o f r o m t h e r o o t s of Ocimum canum S i m s p l a n t s i n o c u l a t e d w i t h t o b a c c o 
r a t t l e v i r u s a n d t o b a c c o m o s a i c v i r u s w e a r e i n c l i n e d t o t h i n k t h a t t h e s y m p -
t o m s of s t e m - a n d f o o t - n e c r o s i s c a n b e e x p l a i n e d b y t h e p r e s e n c e o f s a p r o -
p h y t i c b a c t e r i a r a t h e r t h a n b y v i r u s i n f e c t i o n . 
D i s c u s s i o n 
O n t h e b a s i s of o u r e x p e r i m e n t a l r e s u l t s i t c a n b e e s t a b l i s h e d t h a t in 
a d d i t i o n t o t o m a t o b l a c k r i n g v i r u s , c h e r r y l ea f r o l l v i r u s , p o p l a r m o s a i c v i r u s 
( c f . SCHMELZER 1 9 6 3 , 1 9 6 6 ) a n d a l f a l f a m o s a i c v i r u s (HORVÁTH— BECZNER 
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J . Symptoms caused by various strains of cucumber mosaic virus on leaves of Ocimum 
n aims. A: E-strain; B: R-strain; C: T-strain and D: W-strain of cucumber mosaic virus 
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Fig. 2. Symptoms of stem necrosis caused by saprophytic bacteria on Ocimum canum Sims, 
plants infected by various viruses. A: potato virus X; B: tobacco mosaic virus, and C: tobacco 
rattle virus infected plants 
1973a) Ocimum canum Sims is also suscep t ib le to c u c u m b e r mosaic v i r u s , po-
t a t o a u c u b a mosaic virus, p o t a t o virus X , tobacco mosa ic virus, t obacco r a t t l e 
v i rus and t obacco r ing spot virus. Consider ing t ha t Ocimum canum S ims is 
res i s tan t t o infect ion b y b e a n (common) mosaic virus, p o t a t o virus M, p o t a t o 
vi rus S, p o t a t o virus Y, r ad i sh mosaic v i r u s and t u r n i p yellow mosa ic virus, 
i t can be used as a screening p lant fo r separa t ing ce r t a in viruses. I t is note-
w o r t h y t h a t Ocimum canum Sims, unl ike Ocimum basilicum L., is suscep t ib le 
t o p o t a t o a u c u b a mosaic virus. H o w e v e r , as for t h e i r responses t o other 
94 J. H O R V Á T H 
viruses s tud ied so far , t h e two Ocimum species proved t o be similar. According 
to the resul t s of expe r imen t s Ocimum camum Sims is susceptible t o f i v e iso-
metr ic and f ive elongated p l an t viruses, a n d resis tant t o one isometric a n d five 
e longated viruses . 
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AERIAL ENVIRONMENT AND TOLERANCE OF 
POLYGONATUM ODORATUM (MILL.) DRUCE IN NAT-
URAL COMMUNITIES 
By 
G. F E K E T E 
BOTANICAL D E P A R T M E N T OF T H E N A T U R A L H I S T O R Y MUSEUM, B U D A P E S T 
The author studied the net photosynthetic reactions of Polygonatum odoratum 
in natural communities of the Buda Mountains (Hungarian Central Mountains). In the 
system studied the many years old stands ("polycormons") showed the largest extension 
and individual number in the Brachypodium type of Orno-Quercetum, while on the s teppe 
meadow of extreme illumination and at the poorly lighted habi ta t of Vicia sparsiflora 
type of the Orno-Quercetum only a few individuals occurred. The author characterizes 
the light climate of the forest habitats by the frequency distribution of the illumination-
intensity values and examines the light curves of Polygonatum in this context. As 
regards the daily trends the gross photosynthesis of the steppe meadow plants counter-
balances the respiration loss to 32—33 °C and — unlike the other types — is character-
ized by an occasionally considerable photosynthetic activity recurring in the af ternoon. 
The linear phase of the light curve of forest plants growing at habitats of poor l ight 
conditions is less steep than of those developing at better illuminated Brachypodium 
habitats , also the total chlorophyll content per unit area is smaller in the former, and 
the most frequent site-illumination values are utilized by them with ten times lower 
efficiency than by plants growing at the Brachypodium habitats. The poor adap ta t ion 
to shade of the species may be an ecological limiting factor. 
I n t r o d u c t i o n 
F o r p h o t o p h i l o u s f o r e s t p l a n t s t h e l i g h t d e f i c i e n c y a t t h e b a s e o f t h e 
f o r e s t is a f a c t o r l i m i t i n g t h e i r s p r e a d i n g . A l t h o u g h t h i s i s a g e n e r a l l y k n o w n 
f a c t , t h e r e a r e b u t v e r y f e w s t u d i e s a v a i l a b l e w h i c h a d e q u a t e l y a s s e s s t h e 
h a b i t a t c o n d i t i o n s a n d s p e c i f i c p r o p e r t i e s r e l a t i v e t o t h e n a t u r e of l i m i t a t i o n 
a n d t o l e r a n c e . 
I n t h e c o u r s e of o u r o b s e r v a t i o n s a m o n g t h e s p e c i e s t a k e n in c o n s i d e r -
a t i o n Polygonatum odoratum s e e m e d f o r v a r i o u s r e a s o n s t h e m o s t s u i t a b l e f o r 
i n v e s t i g a t i o n s of t h i s k i n d . 
M a t e r i a l a n d M e t h o d s 
The investigation took place on the Remete-hill, in the Buda Mountains. For the detailed 
description of the site and vegetation see P R É C S É N Y I — F E K E T E — S Z U J K Ó - L A C Z A 1 9 6 7 , S Z U J K Ó -
L A C Z A — F E K E T E 1 9 7 1 . The limestone vegetation — f i rs t of all on the hillside — consists of 
oak-wood rich in xerothermophilous submediterranean elements (Orno-Quercetum) with Quer-
cus pubescens domineering in i t , of a slackening open karstic bush forest (Ceraso-Quercetum) 
at the edge of the karst plateau, and of a steppe meadow (Diplachno-Festucetum sulcatae), 
(Fig. 1) among the tree groups. 
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The individual Polygonatum odoratum tes t plants were selected from habi ta ts with 
different light (and heat) conditions. This paper presents some major results of a series of 
measuring performed on plants obtained from three different habitats. These habitats as speci-
fied by the n a m e of the plant community and the dominant species of the community were: 
Diplachno- Festucetum, hereinafter called steppe meadow (dominant species, competitors of 
soil moisture and nutrient: Agropyron intermedium, Festuca valesiaca, in autumn Diplachne 
serotina); Orno-Quercelum Brachypodium pinnatum facies, this species too is a strong soil 
competitor of Polygonatum odoratum (hereinafter called: Brachypodium habitat); Orno-Quer-
cetum Vicia sparsiflora facies which, in the first place, gives an intensive shading to the test 
plant (hereinafter called: Vicia habitat) . 
Fig. 1. The three habitats of Polygonatum odoratum and their location. 1. Diplachno- Festuce-
tum sulcatae (steppe meadow); 2. Orno-Quercetum Brachypodium pinnatum habi tat ; 3. Orno-
Quercetum Vicia sparsiflora habitat 
From the point of view of light ecology the steppe meadow represents one of the extrem-
ities; here dur ing the summer months in clear weather , Polygonatum is exposed to an illumi-
nation of 50 000 lux or more over a period even exceeding five hours a day. A high f luctuat ion 
of illumination and intensive warming up are characteristic of this site. 
The Vicia habitat which is characterized by a closed foliage and shrub s t ra tum justifed 
by the ecological aspects of the soil represents the other extremity as regards the intensity of 
illumination. I t is an extreme hab i t a t since no Polygonatum odoratum individuals can practi-
cally be found in a light climate poorer than tha t . 
The Brachypodium hab i ta t — while representing a transition between the two former 
habitats — is naturally closer to the other forest (Vicia) habitat as regards basic illumination 
( T B A N Q U I L L I N I 1960) and temperature. 
To assess the light conditions characteristic of the life cycle of Polygonatum odoratum 
from the end of April till the middle of August 1972, photometric da ta were recorded three 
times a m o n t h with a lux meter every hour f rom 6 a. m. to 6 p.m. Photometry was performed 
holding the selenium cell of the lux meter immediately above the plants selected for photo-
synthesis measurements. The days of photometric measuring were the following: 24 April; 3 
May; 14 May; 23 May; 4, 15, 23 June ; 4, 16, 20 J u l y ; 5, 15, 16 August. These days give the 
illumination values of different weather conditions. The 169 illumination values thus observed 
a t each h a b i t a t are grouped in classes of a thousand lux, and their frequency is given as a per-
centage. The light climates of the Brachypodium and Vicia habi ta ts are shown in Fig. 3. 
The location of the three habi ta ts is shown by Fig. 1. The habi ta ts are at a distance of 
30—40 in f r o m one another. 
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From each of the s tands developed a t the three habi ta ts — the smaller or larger groups 
of shoots (groups of plants) of Polygonatum odoratum can be regarded as younger or older vege-
tative reproduction uni ts , stands, or "polycormons" (PÉNZES 1960) — a vigorous shoot was 
chosen in 1972 for the purpose of investigations carried on over three months. When the series 
of measuring was completed, a 3—4-years old par t could be seen on the rhizomes. 
The C0 2 assimilation was measured with a portable appara tus working on the basis of 
the principle of conductometry (VOZNESENSKII 1971). The appara tus measures the C 0 2 content 
of 0.5 1. air by an about 3 minutes perfusion into 0.02 n KOH, with a preciseness of 0.01 mg. 
The difference in CO, concentration between the open air and the phyllosphaera gave the value 
of net assimilation. The values of illumination on the leaf were measured, noticed and the 
Fig. 2. The light curve of net photosynthesis in Polygonatum odoratum at 21 °C. 1: steppe 
meadow-, 2: Brachypodium-, 3: Vicia habi ta t 
temperature values inside the casette were fixed during the 3—3.5 minutes of perfusion. When 
measuring the respiration, we covered the casette with a bag made of lightproof black textile. 
Three terminal leaves of each of the 5—6 leaved plants were placed in the casette a f te r their 
leaf area had been recorded. 
In August the plants were dug out with large earth-balls, pu t into pots and placed in 
the phyto t ron (in the Botanic Garden of the Department of Botany of the Szeged University). 
The light curves were determined by means of the apparatus described above on 22—24 
August a t a temperature of 21 °C (the temperature of the phytot ron and the caset te of the 
apparatus, respectively), relative humidity of 50—60 per cent and various intensities of illu-
mination between 0 and 13000 lux. 
The quantity of the chlorophyll components was determined according to A R N O N 
(1949). 
Results 
T h e light curves of net pho tosyn thes i s de te rmined in the p h y t o t r o n are 
shown b y Fig. 2. T h e curves were d r a w n wi th t h e highest pho tosyn thes i s 
values observed a t t h e same in tens i ty of i l luminat ion t aken in cons idera t ion . 
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At the h ighes t (13000 lux) in tens i ty of i l luminat ion used t h e light curve 
of p lan ts growing in the s teppe meadow h a d n o t reached i ts p e a k ; i ts shape 
w a s similar t o t h a t of the usua l l ight curve of sun-grown p lan t s . 
The l ight cu rves of p l an t s obta ined f r o m t h e Vicia a n d Brachypodium 
h a b i t a t s , respec t ive ly , are c o m p a r e d in Fig. 3. which, at t h e same t ime, re-
p resen t s the s u m m a r i z e d resul t of light m e a s u r e m e n t s taken a t t h e indiv idual 
h a b i t a t s (MALKINA 1970). Light sa tu ra t ion sets in a round 5000 l u x a t the Vicia. 
Fig. 3. The light curve of net photosynthesis in Polygonatum odoralum in Brachypodium (a), 
in Vicia (h), hab i ta t and the percentage frequency distr ibution of the intensity of site il-
lumination 
a n d 8000 lux a t t h e Brachypodium hab i t a t u n d e r the given condi t ions . In t h e 
case of plants o b t a i n e d from t h e Brachypodium s i te the peak of t h e light cu rve 
is twice as h igh as t h a t of t h e fo rmer ones. A t t h e same t ime , t h e ascending 
b r a n c h (linear p h a s e ) is s teeper as well. 
Of all i l l umina t ion in te rva ls values b e t w e e n 0 and 1000 lux occur wi th 
t h e highest f r e q u e n c y — of a b o u t 40 per cent — a t the Vicia s i te. The probabi l -
i t y of as low v a l u e s as t ha t occurr ing at t h e Brachypodium s i te is much less 
(F ig . 3.); the m o s t probable v a l u e is 2 — 3000 l u x here. The f r e q u e n c y of light 
intensi t ies a b o v e 3000 lux is some 30 per c e n t a t the la t ter h a b i t a t , while a t 
t h e Vicia site o n l y 11 per c e n t ; within this r a n g e the p lan t s of t h e Brachy-
podium site i n c o r p o r a t e near ly twice as m u c h C 0 3 per unit t i m e as the p lan t s 
of t h e other h a b i t a t . 
Chlorophyll contents invo lved in l ight u t i l iza t ion are given in Table 1. 
I t is, n a t u r a l l y , not only t h e light (and l ight—chlorophyl l complex, re-
spectively) t h a t determines t h e C 0 2 ba lance a t t h e genuine h a b i t a t . Of t h e 
var ious m o d i f y i n g factors, t e m p e r a t u r e , i ts da i l y t rend and t h e response of 
01 
2 
3 4 5 6 7 
Mux 
a) 
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Table 1 
Total chlorophyll content in Polygonatum odoratum plants originating from three different habitats, 
and the ratio of the components 
Habita t 




Steppe-meadow 1.065 2.16 
Brachypodium 2.614 2.43 
Vicia 2.037 2.21 
p l a n t s to it m a y be decisive. T a b l e 2 most ly presents 12 hours ' measur ing 
resu l t s charac ter i s t ic of the th ree hab i t a t s , wi th 2 and 3 days of d i f fe ren t mean 
t e m p e r a t u r e t a k e n in considerat ion for Brachypodium and Vicia, respect ive ly . 
T h e soil was su f f i c i en t ly supplied wi th water in all six cases. 
To d e m o n s t r a t e the ac t iv i ty of the s t eppe -meadow p lan t , a t yp ica l sum-
m e r d a y was chosen . The daily ba lance was pos i t ive in spite of t h e f ac t t h a t 
t h e t e m p e r a t u r e of t h e leaf (case t te) was h igher t h a n 30 °C over more t h a n 
seven hours. T h e loss a t noon was compensa ted for by the h igher posi t ive 
va lues measured a t 6 — 7 a.m. a n d 4 — 5 p .m. 
I t is this l a t t e r pho tosyn the t i c act ivi ty recur r ing in the a f t e r n o o n t h a t 
character izes th i s t y p e in compar ison with t h e o the r two. 
At the Brachypodium si te t h e p lants ut i l ize t h e higher p h o t o s y n t h e t i c 
c apac i t y appear ing on the 21 °C l ight curve mo s t l y in the morn ing hours in 
J u n e — Ju ly a n d Augus t . Depression at noon, a nega t ive or zero n e t photo-
syn thes i s was o f t e n measured du r ing these m o n t h s . Time had an essential 
p a r t in these t r e n d s , and in m a n y cases t h e gas exchange did no t t u r n in to 
pos i t ive again, even in the a f t e r n o o n . Above 25 °C a C 0 2 loss of 5 — 6 mg was 
o f t e n measured in t h e dark, and t h e fac t t h a t as high a negat ive va lue as t h a t 
occurred in the l igh t too, suggests t h a t on hot s u m m e r days the p h o t o s y n t h e t i c 
a c t i v i t y often s tops in this p lan t , whi le the resp i ra t ion is of considerable degree. 
On the o the r h a n d , the ba lance of May is h igh ly favourable . No depression 
a t noon could be d e m o n s t r a t e d a t t h a t t ime . A t a t e m p e r a t u r e a r o u n d 20 — 
21 °C (which is f r e q u e n t in May) t h e light curve wel l -adapted to t h e h a b i t a t of 
Brachypodium ho ld s good, and t h e daily ba l ance of ne t pho tosyn thes i s shows 
a h igh positive v a l u e . 
At the Vicia s i te noon depression of a degree similar to t h a t of t h e o ther 
fores t site was n o t observed. E v e n t h e values o b t a i n e d in the dark only suggest 
a respi ra t ion of 1—2 mg/100 cm 2 /h . The daily t r e n d of 7 J u l y character izes a 
cloudless day w i th a modera te ly w a r m t e m p e r a t u r e ; t h e balance of ne t photo-
syn thes i s during d a y - t i m e (the ave rage of 12 measu remen t s ) is t h e n near ly the 
s a m e as in the s t eppe -meadow or a t t he Brachypodium site. On c loudy days — 
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Table 2 
Daily trends in the net photosynthesis of Polygonatum odoratum at various habitats. 1 : casette 
temperature, °C; 2: illumination, Klux; 3: mg C02ldm2/h. 
H a b i t a t S teppe-meadow Brachypodium 
D a t e 10 October 1972 8 J u n e 1972 5 August 1972 
1 2
 J 3 1 2
 1 3 1 2 3 
l i m e h 
6 2 1 6 . 0 7 . 5 2 2 1 . 5 2 . 5 1 6 0 . 6 0 . 0 
7 2 2 8 . 0 2 . 1 2 3 2 . 0 4 . 0 1 7 0 . 8 1 . 2 
8 2 4 1 0 . 0 2 . 1 2 4 2 . 0 5 . 2 1 7 0 . 9 2 . 4 
9 2 7 1 6 . 0 1 . 4 2 5 2 . 5 6 . 3 1 7 1 . 2 5 . 8 
1 0 3 2 2 5 . 0 0 . 5 2 5 1 1 . 0 1 . 9 2 0 7 . 0 8 . 1 
1 1 4 1 5 0 . 0 — 1 . 4 2 5 4 . 0 1 . 9 2 0 1 . 8 0 . 6 
1 2 4 1 5 0 . 0 — 3 . 6 2 5 5 . 0 3 . 8 2 3 2 5 . 0 — 2 . 4 
1 3 3 9 5 0 . 0 — 6 . 3 2 7 4 . 2 — 3 . 5 2 0 1 . 9 — 1 . 5 
1 4 3 5 5 0 . 0 — 3 . 2 2 8 4 . 7 — 1 3 . 3 1 9 7 . 0 1 . 5 
1 5 3 4 4 7 . 0 — 2 . 9 2 6 1 . 8 — 2 . 5 1 8 0 . 6 — 1 . 4 
1 6 3 3 1 8 . 0 2 . 8 2 5 1 . 6 — 0 . 8 1 9 0 . 8 1 . 3 
1 7 2 7 7 . 0 6 . 7 2 5 0 . 8 1 . 2 1 8 0 . 6 — 0 . 2 
1 8 2 3 3 . 0 2 . 0 2 5 0 . 4 0 . 6 1 8 0 . 4 — 0 . 4 
H a b i t a t Vicia 
D a t e 
l 
7 J u l y 1972 23 May 1972 6 August 1972 
2 3 1 2
 1 3 1 2 3 
6 1 9 0 . 8 1 . 1 1 9 0 . 2 — 0 . 3 1 7 0 . 8 1 . 3 
7 2 0 1 . 0 2 . 5 2 0 0 . 3 — 0 . 3 1 8 1 . 0 2 . 5 
8 2 0 1 . 4 1 . 6 2 1 0 . 4 — 0 . 2 1 8 1 . 3 3 . 5 
9 2 3 2 . 0 — 0 . 6 2 1 0 . 6 1 . 0 1 9 1 . 7 3 . 5 
1 0 2 7 3 . 7 — 0 . 6 2 2 0 . 6 1 . 0 2 0 4 . 3 6 . 8 
и 2 8 3 . 5 0 . 0 2 3 0 . 9 1 . 0 2 3 2 . 9 4 . 9 
1 2 3 3 2 5 . 0 0 . 0 2 4 1 . 0 0 . 8 2 7 1 0 . 0 0 . 0 
1 3 3 2 3 . 5 3 . 3 2 5 1 . 4 0 . 5 2 4 3 . 0 1 . 0 
1 4 2 8 2 . 0 4 . 8 2 4 1 . 2 0 . 8 2 3 2 . 7 2 . 5 
1 5 2 7 1 . 8 1 . 6 2 3 0 . 8 0 . 6 2 3 8 . 5 0 . 7 
1 6 2 6 0 . 9 0 . 2 2 3 0 . 3 — 0 . 6 2 2 1 . 7 — 0 . 9 
1 7 2 5 0 . 8 0 . 0 2 2 0 . 2 — 0 . 6 2 1 0 . 9 — 0 . 3 
1 8 2 3 0 . 4 0 . 0 2 1 0 . 2 — 0 . 8 2 0 0 . 4 0 . 0 
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if only wi th a th in cover of clouds — t h e i l luminat ion of t h e site is s h a r p l y 
reduced, as e.g. on 23rd May . On days like t h a t — which a r e r a the r f r e q u e n t — 
the 12 hours t o t a l of ne t pho tosynthes i s is v e r y low, only 2 — 3 mg. 
The p a p e r f u r t h e r p re sen t s the m e a s u r e m e n t series of an August d a y ; 
however , t h e high values of i l luminat ion a re n o t charac ter i s t ic of the site ( t h e y 
were b r o u g h t a b o u t — a n d t h e foliage o p e n e d , respect ive ly — as t h e r e su l t 
of a n e a r b y t ree fall ing s h o r t l y before). T h e high posit ive ba lance of t h e d a y 
is no t character is t ic e i ther . 
At t h e t h r ee h a b i t a t s discussed Polygonatum odoratum shows d i f ferences 
not only in t h e ecology of photosynthes i s , b u t also in the l ife cycle of t h e ind i -
v idual p l an t s a n d the ex tens ion , deve lopmen t and d y n a m i c s of the po lycor -
mons. These differences can b y and large be s u m m e d up in t h e following. 
The s teppe-meadow p l a n t is charac ter ized by the t y p i c a l light c u r v e of 
a sun-grown p l a n t . Up to a t e m p e r a t u r e of 32 — 33 °€ — a t h igh light in tens i t e s 
and wi th a suff ic ient wa te r supply — t h e respira t ion loss is compensa ted for 
b y the gross pho tosyn thes i s . As for these p roper t i es , it is t h u s wel l -adapted to 
t h e ex t reme h a b i t a t . Since in J u n e , with a def ic ient soil mo i s tu re con ten t , low 
values of ne t pho tosyn thes i s were often measu red t h r o u g h o u t the d a y ( a n d 
high respi ra t ion values), i t is probable t h a t fo r this t y p e of s t eppe-meadow 
p lan t wa te r of ten represents a minimum f a c t o r . The gene ra t ive way of r ep ro -
duct ion is i m p o r t a n t ; of 100 p lan ts (ob ta ined b y digging u p smaller a d j a c e n t 
spots and separa t ing t h e underground p a r t s ) 8 were f o u n d to be f i r s t - y e a r 
rhizomes a t t h e s tage of green shoot , t ha t is, p l a n t s developed with all c e r t a i n t y 
f rom seed. The older rh izome p a r t s are quickly destroyed, t h a t is, their n u t r i e n t 
con ten t is used up ; not a single rhizome older t h a n four y e a r s has been f o u n d . 
Migration b y rhizomes is, o therwise, l imited in the shallow rendzina soil i n t e r -
woven main ly wi th the roo t s of Graminea species. 
The l ight curve of p l a n t s growing a t t h e Brachypodium site is — as for 
i ts p la teau — an i n t e r m e d i a r y type ; a t 21 °C light s a t u r a t i o n sets in a r o u n d 
8000 lux. As regards the ecology of pho tosyn thes i s it is t he rmosens i t ive : a t 
high t e m p e r a t u r e s considerable depressions occur . The p l a n t s sometimes show 
signs of m o r t a l i t y : leaves w i t h yellowing or d ry ing edges a n d decaying shoo t s 
in the middle of the s u m m e r ; and in the soil rhizomes n o t developing a b o v e -
ground shoots can of ten be f o u n d t ha t year . I n spi te of all t h i s , one of the p h y t o -
cenological centres of the species is r ep resen ted by this h a b i t a t , f irst of al l as 
regards indiv idual dens i ty . T h e strong ind iv idua ls reach t h e stage of f r u i t 
r ipening and m a y the reby reproduce green seedlings (6 p e r cent of the p l a n t s 
develop f r o m seed), so t h e individuals of t h e polycormon are joined b y ones 
produced in a generat ive w a y . 
The p lan t s of the Vicia hab i t a t reach t h e pla teau of t h e light c u r v e of 
ne t pho tosyn thes i s a t 5000 lux . When c o m p a r i n g the p l a n t s of the t w o s i tes 
in relat ion to t h e h a r m o n y of t h e light c u r v e and light env i ronmen t , we f i n d 
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t h e most essen t ia l differences in the most f r e q u e n t s i te- i l lumination v a l u e a n d 
i t s pho to syn the t i c ut i l izat ion. At the Vicia hab i ta t in t h e case of t h e m o s t 
f r equen t — 0 — 1000 lux — i l luminat ion in te rva l the l ight curve is of v e r y 
low eff iciency. T h e plant of t h e Brachypodium hab i ta t — on t h e other h a n d — 
produces t e n t i m e s as much a s t h e former w i t h 2 — 3000 l u x occurring t h e m o s t 
f requen t ly (see Fig. 3.). I n t h e low range of i l luminat ion t h e light cu rves of 
p lan t s o r ig ina t ing from t h e Brachypodium hab i t a t are t h e steepest, bes ides 
t h e p la teau is h igh at the in tens i t ies of i l lumina t ion too; of t h e two fo res t s i tes 
th is one h a s b y all means t h e more f a v o u r a b l e light c u r v e (NICIPOROVIC 
1968). 
I t is n o t e w o r t h y t h a t t h e total chlorophyl l c o n t e n t per uni t a r e a of 
p lants l iving in the Vicia h a b i t a t is r e d u c e d in compar i son to those of t h e 
Brachypodium (Table 1), a l t h o u g h in shade-grown plants t h e chlorophyll con-
t e n t is expec t ed to be high. A t sites poor in light the species in m a n y cases 
enhance t h e l igh t absorpt ion b y increasing t h e i r chlorophyll content , t h e r e f o r e 
in the init ial l inear phase of t h e light cu rve t h e chlorophyll concen t ra t ion is a 
so-called " w e a k light f a c t o r " (GABRIELSEN, 1960). The re la t ive ly low inc l ina t ion 
in the init ial p h a s e of the l i gh t curve at t h e Vicia hab i ta t c a n be well exp la ined 
b y the lower t o t a l chlorophyll content . T h e a / b ratio of chlorophyl l is s o m e w h a t 
— though n o t essentially — lower. 
Thus, w h e n placed u n d e r poor light condit ions Polygonatum odoratum — 
adapted or iginal ly to higher intensi t ies of i l luminat ion — secondari ly a d a p t s it-
self insuf f ic ien t ly to the l ack of light. The imper fec t a d a p t a t i o n of pho tophi lous 
p lants was r e p o r t e d by DAXER (1934) in r e l a t ion with Zea mays and Anemone 
silvestris. 
The f l ex ib le habit of Polygonatum odoratum p l a n t s only g rowing in 
smaller s c a t t e r e d groups a t t h e Vicia h a b i t a t and very se ldom f lower ing and 
producing f r u i t s , indicates t o o t h a t it is a m a t t e r of ecological l imi ta t ion here, 
which p r e v e n t s the plant f r o m spreading t o w a r d s deeper shade . 
E x p e r i m e n t s carried on a t present w i t h t h e aim of de te rmin ing t h e pho to -
synthet ic r e ac t i on of exchang ing , t r a n s p l a n t i n g the p l a n t s of the ind iv idua l 
habi ta t s a re in tended to f i n d out the e x t e n t to which t h e above ou t l ined 
reactions a r e f ixed. 
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EFFECT OF THE TIME OF TRANSPLANTATION ON 
DRY-MATTER PRODUCTION AND LIGHT-ENERGY 
UTILIZATION IN TOMATO 
By 
S . R . BAROOVA, I . HORVÁTH 
J Ó Z S E F ATTILA U N I V E R S I T Y , D E P A R T M E N T OF BOTANY, S Z E G E D 
The time of t ransplantat ion influences the dry weight and the course of d r y -
matter accumulation. In the case of early (May) transplantation the dry weight of b o t h 
tomato varieties studied — "Kecskeméti konze rv" and "Kecskeméti tö rpe" — increased 
for three or four months, t hen slightly decreased (part of the leaves fell). With a la te 
t ransplantat ion ( June-Ju ly) the increase of dry weight lasts for four or five mo n t h s , 
but, the later the t ransplantat ion, the lower t he dry weight of p lants . In both variet ies 
frui t production is the highest in the case of early transplantation. The variety "Kecs -
keméti konzerv" is more reactive to the time of transplantation t h a n the variety "Kecs -
keméti tö rpe ." The total carbohydrate concentrat ion is generally higher in the var ie ty 
"Kecskeméti konzerv" t h a n in the "Kecskeméti törpe", while t he total nitrogen con-
centration is nearly identical in the two varieties. Energy uti l ization is different in the 
two varieties. This difference can be brought into connection wi th the morphological 
properties and stand s t ructure (stand height, density, leaf area) of the two varieties. 
It is s tand density rather t h a n leaf area t h a t determines the energy utilization. The 
optimum leaf area index is about 0.3 in the var ie ty "Kecskeméti tö rpe" and 0.6 in t he 
"Kecskeméti konzerv". 
Introduction 
Under f ie ld condit ions 1 — 5 per cent of t h e light ene rgy is utilized in t h e 
o r g a n i c m a t t e r p r o d u c t i o n o f p l a n t s (RABINOVITCH — GOVINDJEE 1969, M Á T H É 
1971). P a p e r s published r e p o r t on different resu l t s ob ta ined wi th agr icu l tu ra l 
c r o p s t o o i n d i f f e r e n t p a r t s o f t h e w o r l d (GAASTRA 1958) . 
However , a lot of hasic in format ion is missing as to t h e conditions u n d e r 
which agr icu l tu ra l crops s h o w a m a x i m u m pho tosyn the t i c l ight-energy u t i -
l izat ion. 
Material and Methods 
Plants were transplanted in a random block design (SNEDECOR 1956) at four d i f ferent 
times. Two tomato varieties — "Kecskeméti konzerv" and "Kecskeméti tö rpe" — were used 
in the experiment. Attention was called to these two varieties by the Agricultural Research 
Insti tute of the Danube-Tisza Mid-Region too ( H A T A L Y Á K 1 9 7 0 ) . Seedlings were raised in 
hot-beds. Seedlings were transplanted into the experimental plots in t he Botanical Garden of 
the József Attila University a mon th after sowing. Between the times of sowing and t ransp lan t -
ing there were intervals of 15 days; the first sowing was carried out on 15 April 1969, the f i r s t 
transplantation on 15 May 1969. 
The intensity of illumination in and above t h e plant stand was measured with a lux 
meter. Measuring took place every half-hour from sunrise to sunset on two occasions in t he 
plant stands of bo th varieties. When compared to l ight intensity above the plant stand (100 
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per cent,) the intensity of i l lumination was approximately 60 per cent in the stand of "Kecske-
méti konzerv" and 70 per cent in "Kecskeméti törpe" . Daily average temperature in the 
"Kecskeméti konzerv" stand was about 2.0 °C, and in the "Kecskeméti törpe" 1.4 °C lower 
than that measured above the ba re soil at the same height. 
The f i rs t examination was performed 3, the second 5 months a f t e r the first t ransplan ta-
tion. Beside calculating the energy utilization we m a d e an analysis of t h e dry matter too. The 
total carbohydrate (DUBOIS et al. 1956) and total nitrogen (KELLEY et al. 1946) concentration 
was determined in the stem and leaf. 
Examinat ions were per formed with 10 p l an t s per replication on both occasions. In 
addition plant height and leaf area were also measured. Energy ut i l izat ion (Eh) was computed 
after M U R A T A et al. ( 1 9 6 8 ) by means of the following equation: 
1 0 0 ^ dry weight of p l an t (g)x4000 (cal) % 
11 —
 light energy available 
In the s tands of "Kecskemét i konzerv" and "Kecskeméti t ö r p e " light energy available 
means 60 and 70 per cent, respectively, of the to ta l light energy, since according to light meas-
uring in the p lan t stand — as described above — the intensity of illumination compared to 
tha t above the plant stand was 60 and 70 per cent, respectively. Radiat ion energy was measured 
at the Szeged Meteorological S t a t i on at a distance of about 5 km f r o m the experimental area. 
R e s u l t s 
T a b l e 1 s u m m a r i z e s t h e d r y w e i g h t s o f p l a n t s t r a n s p l a n t e d a t v a r i o u s 
t i m e s as d e t e r m i n e d i n t h e f i r s t a n d s e c o n d e x a m i n a t i o n . 
Table 1 
Dry weights of plants transplanted at different times, as determined in the first and second exami-
nation 
(Dry weight: g) 
T i m e of transplan-
ta t ion 
First examination Second examinat ion 
Kecskemé t i 
konze rv 
K e c s k e m é t i 





Firs t 107.9 93.8 100.2 71.0 
Second 79.2 60.6 84.2 61.0 
Third 22.8 16.5 58.0 32.6 
F o u r t h 6.8 3.5 41.2 32.6 
S.D. 5% 15.6 7.2 3.7 1.8 
I n b o t h v a r i e t i e s t h e h i g h e s t d r y w e i g h t s w e r e o b t a i n e d w i t h p l a n t s 
t r a n s p l a n t e d o n t h e f i r s t o c c a s i o n . T h e t i m e of t r a n s p l a n t a t i o n i n f l u e n c e s t h e 
d r y w e i g h t s o f p l a n t s b e t w e e n t h e f i r s t a n d s e c o n d e x a m i n a t i o n d i f f e r e n t l y . 
T h e d r y w e i g h t of p l a n t s — e s p e c i a l l y o f " K e c s k e m é t i t ö r p e " — f i r s t t r a n s -
p l a n t e d d e c r e a s e d in t h e p e r i o d b e t w e e n t h e t w o e x a m i n a t i o n s , w h i l e t h a t of 
p l a n t s t r a n s p l a n t e d l a t e r i n c r e a s e d . T h e l a t e r t h e t i m e of t r a n s p l a n t a t i o n , 
t h e h i g h e r t h e r e l a t i v e i n c r e a s e of d r y w e i g h t . I n a n a b s o l u t e v a l u e , h o w e v e r , 
d r y w e i g h t d e c r e a s e d a s a f u n c t i o n of l a t e r t r a n s p l a n t a t i o n , a l m o s t t o t h e 
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Fig. 1. Relat ionship between energy conversion and leaf area index 
same ex ten t in t h e t w o varieties. Correlation b e t w e e n the t ime of t r ansp lan ta -
t ion and change of d r y weight r e su l t ed par t ly f r o m the fact t h a t during t h e 
ontogenet ic cycle dry-weight change per unit t i m e initially showed an increas-
ing, while later a decreasing t e n d e n c y . The t rend of t h e dry weight was fu r the r 
in f luenced by the env i ronment , s ince in the case of plants t r a n s p l a n t e d a t 
d i f fe rent t imes t h e s a m e climatic f ac to r s acted on p lan t s of d i f fe ren t age. The 
e x t e n t of the effects of these i n t e r n a l and ex te rna l factors c a n n o t , however, 
he ana lysed on t h e basis of field exper iments a lone . Wi th p lan t s t r ansp l an t ed 
on t h e f i r s t occasion, t h e decrease of d ry weight f o u n d in the second examina-
t ion was caused b y s o m e of the leaves having been shed between t h e two exami-
na t ions . 
In p lants t r a n s p l a n t e d on t h e f i r s t and second occasion d r y weight in-
creased for 3—4 m o n t h s , while in t hose t r a n s p l a n t e d on the t h i r d and four th 
occasion for 4 — 5 m o n t h s . 
Table 2 con ta ins t h e dry b e r r y weight of p l a n t s t r ansp l an t ed a t different 
t imes , as found in t h e second examina t ion . 
F r o m the dry weight of berr ies one may conc lude on " K e c s k e m é t i kon-
z e r v " reac t ing to t h e t i m e of t r a n s p l a n t a t i o n to a g r ea t e r ex tent t h a n "Kecske-
mét i t ö r p e " . In b o t h variet ies t r a n s p l a n t a t i o n ca r r i ed out in M a y resulted in 
the h ighes t yield. 
T h e d r y - m a t t e r product ion of p l a n t s is highly inf luenced b y t h e environ-
men ta l fac tors inc lud ing the light condi t ions . A h ighe r d r y - m a t t e r product ion 
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Table 2 
Dry weight of berries per plant (g) 
T i m e of t ransplanta t ion 
Kecskemét i 
konzerv 
K e c s k e m é t i 
t ö r p e 
Firs t 49.8 47.1 
Second 43.8 43.2 
Third 22.2 18.8 
Four th 5.7 15.0 
occurr ing as a result of early t r a n s p l a n t a t i o n can b e a t t r i bu ted f i r s t of all to 
the j o i n t effect of t e m p e r a t u r e and l igh t . Lower t e m p e r a t u r e s — a r o u n d 20 °C 
— resu l t in a greater d r y - m a t t e r increase . In this c o n t e x t we m a y re fe r to the 
wel l -known fact t h a t t h e op t imum t e m p e r a t u r e of photosynthes i s is lower than 
t h a t of respirat ion. 
Besides, in t h e case of early t r a n s p l a n t a t i o n , t h e r e develops a larger root 
sys tem, more leaves a n d larger leaf a rea , which a re also in cor re la t ion with 
t h e d r y - m a t t e r p r o d u c t i o n (WATSON 1 9 5 2 , BONDE 1 9 5 5 , SOMOS 1 9 6 9 , NUERN-
BERGK 1966, NICHIPOROVICH 1969). T h e re la t ionship between b e r r y yield on 
one h a n d , and leaf n u m b e r and leaf a rea on t h e o t h e r , is conf i rmed by our 
inves t iga t ions too. 
Tables 3 and 4 present da ta ob t a ined in t h e f i r s t examina t ion on total 
c a r b o h y d r a t e and t o t a l ni trogen c o n t e n t s in the s t e m s and leaves of plants 
t r a n s p l a n t e d at va r ious t imes. 
T h e to ta l c a r b o h y d r a t e c o n t e n t in the s tem a n d leaf decreases in both 
var ie t ies as a func t i on of the d ry -we igh t decrease, while the t o t a l nitrogen 
c o n t e n t increases. 
I t t h e course of earlier inves t iga t ions we f o u n d — bo th u n d e r field 
and control led condi t ions — t h a t t h e quali ty of organic m a t t e r developing 
Table 3 
Total carbohydrate content (gamma/mg) 
Time of t r ansp lan ta -
t ion 
K e c s k e m é t i konzerv Kecskemét i törpe 
s t e m leaf s t e m leaf 
First 364 267 324 169 
Second 196 133 179 120 
Third 153 150 148 118 
Fourth 116 132 130 125 
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Table 4 
Total nitrogen content (gammajmg) 
Time of transplanta-
tion 
Kecskeméti konzerv Kecskeméti törpe 
stem leaf stem leaf 
First 15 30 14 29 
Second 16 30 17 29 
Third 25 36 20 35 
Four th 28 43 23 43 
in the p l a n t s is pr imari ly de te rmined b y t h e d ry -ma t t e r product ion per un i t 
area — or r a t h e r per p l an t —, irrespect ive of the ecological condit ions. 
Higher d ry -ma t t e r p roduc t ion invo lves a higher c a r b o h y d r a t e — and 
lower n i t rogen concen t ra t ion . 
In p l a n t product ion and plant b reed ing it is wor th pay ing a t t e n t i o n to 
this fac t , s ince a higher d r y - m a t t e r p roduc t i on means organic m a t t e r poore r 
in n i t rogen . 
W h e n compar ing t h e two variet ies, we f ind t h a t a l though t h e t o t a l 
c a r b o h y d r a t e content is h ighe r in the v a r i e t y "K ecsk em é t i konze rv" t h a n in 
t h e " K e c s k e m é t i tö rpe" , t h e r e is hard ly a n y difference in t h e ni t rogen con-
cent ra t ion be tween the t w o varieties. T a b l e 5 summar izes the pe r cen t age 
values of ene rgy uti l ization de termined in t h e periods b e t w e e n t r a n s p l a n t a t i o n 
and the f i r s t and second examina t ion , respect ively . 
I t can be established t h a t energy u t i l i za t ion is higher in the " K e c s k e m é t i 
konze rv" t h a n in the " K e c s k e m é t i t ö r p e " ( b y about 60 p e r c e n t ) . This is m a i n l y 
t h e result of t h e fact t h a t t h e s tand of " K e c s k e m é t i k o n z e r v " is denser a n d 
higher t h a n t h a t of " K e c s k e m é t i t ö r p e " , f u r t he r , t e m p e r a t u r e measu red in 
t h e s t and is lower in the case of " K e c s k e m é t i konzerv ." Th i s is also p r o v e d by 
t h e corre la t ion between t h e leaf-area i n d e x and energy ut i l izat ion (Table 1). 
Table 5 
Energy conversion (%) 
Time of transplan-
tation 
Kecskeméti konzerv Kecskeméti törpe 
1. exam. 2. exam. 1. exam. 2. exam. 
Firs t 3.2 1.3 2.6 0.3 
Second 3.9 2.0 3.5 1.4 
Third 5.3 7.8 4.6 3.9 
Four th 3.1 8.0 2.0 6.5 
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M a x i m u m e n e r g y u t i l i z a t i o n w a s o b s e r v e d w i t h a l e a f a r e a i n d e x o f 0 . 6 
i n " K e c s k e m é t i k o n z e r v " , a n d of 0 .3 in " K e c s k e m é t i t ö r p e " . 
E n e r g y u t i l i z a t i o n is t h e h i g h e s t in b o t h v a r i e t i e s 2 — 3 m o n t h s f o l l o w i n g 
t r a n s p l a n t a t i o n , l a t e r i t d e c r e a s e s c o n s i d e r a b l y . T h i s p h e n o m e n o n c a n b e 
b r o u g h t i n t o c o n n e c t i o n w i t h t h e a g e of t h e l e a v e s a n d w i t h t h e p h o t o s y n t h e t i c 
p i g m e n t s y s t e m (SESTÁK — CATSKY 1962, GAFFRON 1 9 6 0 ) . M a x i m u m e n e r g y 
u t i l i z a t i o n l a s t s f o r a l o n g e r p e r i o d in " K e c s k e m é t i k o n z e r v " t h a n in " K e c s k e -
m é t i t ö r p e " . 
E n e r g y u t i l i z a t i o n o n t h e a v e r a g e o f t h e t o t a l v e g e t a t i v e p e r i o d w i t h 
p l a n t s t r a n s p l a n t e d on t h e f i r s t a n d s e c o n d o c c a s i o n t a k e n i n c o n s i d e r a t i o n — 
w a s 1.5 — 3 . 0 p e r c e n t . S i m i l a r r e s u l t s w e r e o b t a i n e d b y GAASTRA ( 1 9 5 8 ) 
LOOMIS —WILLIAM (1963) a n d GIBBON et al. ( 1968) . 
A c k n o w l e d g e m e n t s 
We are indebted to Piroska SZIGETHY, laboratory technician, for her helpful work. 
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COMPARATIVE ANATOMICAL INVESTIGATIONS ON 
LOTUS CORNICULATUS AGG. III. 
By 
О. S z . BORSOS 
BOTANICAL G A R D E N OF T H E EÖTVÖS L O R Á N D U N I V E R S I T Y , BUDAPEST 
Anatomical investigations on the roots of wild and cultivated taxons of Lotus 
corniculatus agg. reveal tha t the primary root is of triarch and tetrarch type, character-
istical of the taxons. The secondary thickening begins about 6—8 weeks later. In the 
tissue structure of roots developed during the process of secondary thickening differ-
ences are shown at the small species and subspecies levels. So, as regards the different 
Lotus taxons, the secondary tissue differentiation of the root is of determinative char-
acter. 
Introduction 
D u r i n g the a n a t o m i c a l t r e a t m e n t of Lotus corniculatus agg. a f t e r s tudies 
on t h e l e a f a n d stem t h e t issue s t ruc tu re of t h e root — t h e subject of t h e p resen t 
paper -— was e x a m i n e d . As men t ioned in earl ier papers too (BORSOS 
1966, 1969, 1971). N u m e r o u s papers h a v e been pub l i shed on a n a t o m i c a l 
and embryological inves t iga t ions i n t o several gene ra of Legumi- nosae 
(Papilionaceae) , first of all Medicago, Vicia, Trifolium, Lupinus, Meli-
lotus, Lathyrus. e t c . (BUGNON 1925, GOEBEL 1932 , SIMONDS 1935 , SOUEGES 
1929, WATARI 1934, WILSON 1913, WINTON 1914, etc.) , while as to t h e genus 
Lotus m a n y hand-books only give references (METCALF CHALK 1957, ESAU 
1969). A morphologica l -anatomical t r e a t m e n t by H . W . Hansen (HANSEN 
1953) lias so fa r been p e r h a p s the only detai led r e l evan t l i terary source based 
on research work. In t h i s work Hansen br ief ly discusses — among o the r s — 
the deve lopment of roo t t issues and t h e ana tomica l s t r u c t u r e of older r oo t s too . 
However , these descr ip t ions only refer t o the t axon cal led ilLotus corniculatus 
var. vulgaris K o c h " in his exper iments , t h a t is, he m a k e s generalizations f r o m 
studies m a d e on this t a x o n . 
According to our own observa t ions t h e tissue s t r u c t u r e of t h e r o o t — 
mainly i t s secondary th icken ing —, l ike t h a t of the s t e m , is highly v a r i e d in 
the Lotus species, and charac ter i s t ica l ly different in t h e larger t a x o n o m i c a l 
units . This is, of course, in connection wi th the ecological d i f fe ren t ia t ion of 
t axons de te rmined b y t h e hab i t a t of growing. 
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M a t e r i a l and M e t h o d s 
For the purpose of our experiment we chose Lotus taxons highly differing from one 
another , partly in morphological appearance, partly in the previously examined anatomical 
s t ructure of leaf and stems. The test plants were grown from seeds collected at original habi-
t a t s of the examined taxons, and in the case of cult ivated types from seeds obtained from the 
Ins t i tu te of Agrobotany, Tápiószele, and from the Agronomy Depar tment of McGill Uni-
versi ty, Montreal — Ste. Anne de Bellevue. The examined taxons were: 
Lotus corniculatus L. ssp. corniculatus var. corniculatus 
Lotus corniculatus L. ssp. hirsulus (Koch) Rothm. 
var. hirsutus and 
var. ciliatus 
Lotus tenuis W. et К. 
Lotus borbásii Ujh . 
Beside the wild taxons the following cultivated varieties of Lotus corniculatus were 
ncluded in the experiment: cv. "Wallace" , cv. "Viking" , cv. "Óvá r i " and cv. "Őrségi". 
T h e number of t he examined plants was about 20. 
Having been scarified the seeds were germinated in Petri dishes, on filter paper, a t 
room temperature (about 22—24 °C). One or two days later germination started, and so the 
investigation began with the radicles of 2—3 days old seedlings. 6—7 days later the seedlings 
were planted in po t s containing a mixture of soil and compost, and kep t similarly at room 
temperature. Next t ime we made observations on the roots of one mon th old seedlings. The 
secondary tissue differentiation was examined on the roots of 2—6 months old plants trans-
planted into the experimental plots of the Botanical Garden of the Eötvös Loránd University. 
I n addition, the anatomical properties of 2—3 years old highly lignified roots were studied on 
roots of taxons obtained from original habitats. 
The large number of preparations (cross and longitudinal sections) were produced from 
t h e roots of young seedlings with t he method of embedment ( S Á R K Á N Y - S Z A L A Y 1 9 6 4 ) , and 
f r o m older roots th rough excising by hand. The material of the latter was t rea ted after Caruoy's 
f ixation and Jave l ' s alkalic clarification — with vezuvine-malachite-green double staiuing 
( S Á R K Á N Y - S Z A L A Y 1 9 6 4 ) . 
Resu l t s 
I n t h e c i t e d w o r k of H . W . H a n s e n , i n t h e c h a p t e r w r i t t e n o n t h e d e v e l -
o p m e n t of t h e v e g e t a t i v e o r g a n s of Lotus corniculatus L . t h e h i s t o l o g i c a l d e -
v e l o p m e n t of t h e r o o t a n d t h e s t r u c t u r e o f t h e t i s s u e s t o o a r e d e s c r i b e d . H e 
p o i n t s o u t t h a t t h e r o o t of Lotus corniculatus i s o f a t r i a r c h t y p e . I n t h e r a d i c l e 
o f a f e w - d a y - o l d s e e d l i n g a n e a r l y d i f f e r e n t i a t i o n of t h e s t e l a r e l e m e n t s c a n b e 
o b s e r v e d . T h r e e p r o t o p h l o e m i n i t i a l s a n d t h e t h r e e f o l d g r o u p o f t h e p r o t o x y l e m 
c a n b e s e e n w i t h o u t t h e l i g n i f i c a t i o n of t h e w a l l s of t h e t r a c h e a l e l e m e n t s . 
B e t w e e n t h e x y l e m a n d p h l o e m i n i t i a l s s m a l l a r c s of p a r e n c h y m a t o u s cel ls a r e 
l o c a t e d . T h e o u t e r l a y e r of t h e s t e l e is t h e s i n g l e r o w of p e r i c y c l i c cel ls . D u r i n g 
t h e f u r t h e r d e v e l o p m e n t of t h e r o o t t h e c e l l - w a l l t h i c k e n i n g of p r o t o x y l e m 
e l e m e n t s is a p p a r e n t . T h e d i f f e r e n t i a t i o n o f t h e p r i m a r y x y l e m is c e n t r i p e t a l , 
a n d c h a r a c t e r i s t i c of a t y p i c a l r a d i a l p r o t o s t e l e . I n t h e m e t a p h l o e m s i e v e -
t u b e s , c o m p a n i o n cells a n d p h l o e m p a r e n c h y m a t o u s cel ls a r e p r e s e n t . T h e 
e n d o d e r m i s h a s C a s p a r y - s t r i p e s . S e c o n d a r y g r o w t h w a s a l r e a d y o b s e r v e d b y 
H a n s e n in t h e r o o t s of 2 0 - d a y - o l d s e e d l i n g s . T h e a r c of p a r e n c h y m a t o u s ce l l s 
b e t w e e n t h e p h l o e m a n d x y l e m g r o u p s c o n t i n u e s t o d i v i d e t a n g e n t i a l l y u n t i l 
a c o n t i n u o u s c a m b i u m is f o r m e d . I t s f u r t h e r a c t i v i t y p r o d u c e s t h e n e w x y l e m 
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centr ipeta l ly , and the ph loem elements cent r i fuga l ly . According to H a n s e n 
the t r i a rch conf igura t ion becomes obscured in the older roots , and a c o m p l e t e 
vascular cyl inder of x y l e m and phloem is fo rmed . Beside t h e original p a r e n -
chymatous medul lary r a y s secondary ones too develop in t h e x y l e m 
and phloem rings. In t h e phloem the f ib res appear in typ ica l small g roups . 
The f i rs t indicat ions of l a t e r a l root in i t ia t ion can be recognized in the per icycle . 
In older roo ts , the pe r ide rm is ini t ia ted b y t angen t iona l division in t h e peri-
cycle. The phellogen p roduces layers of cork ex terna l ly as well as a l imi ted 
amount of p a r e n c h y m a t o u s phel loderm in te rna l ly . Cork format ion br ings 
about t h e rup tu r ing , d is in tegra t ion , and even tua l s loughing of the ep ide rmis 
and p r i m a r y cortex. 
H a n s e n ' s above ou t l ined ana tomica l charac te r iza t ion and obse rva t ions 
of the roo t of Lotus corniculatus are h ighly valuable , b u t do not give a ful l 
picture a t all. Our own invest igat ions p a r t l y conf i rm Hansen ' s descr ip t ion , 
bu t — since we made a s imul taneous compar i son of more t h a n one t a x o n — we 
add some supp lements a n d charac ter iza t ions which will comple te the knowledge 
of the root a n a t o m y of Lotus corniculatus. 
1. T h e radicles of 2 — 3-day-old Lotus corniculatus seedlings s tud ied by 
us are character ized by a small d iameter cen t ra l cylinder a n d a relatively devel -
oped p r i m a r y cortex consis t ing of p a r e n c h y m a t o u s cells developing f r o m t h e 
periblem. T h e central cy l inder is filled in wi th the vascu la r bundles a n d some 
ground- t i s sue p a r e n c h y m a . The star-like a r r angemen t of t h e xylem c o m p o n e n t s 
is a l ready clearly seen a t th is early s tage of deve lopmen t . I t is of a t r i a r c h 
conf igura t ion in most t a x o n s , while of a t e t r a r c h appea rance in Lotus cornicu-
latus ssp. hirsutus (in two varieties) and cv. " W a l l a c e " . T h e t racheal e l emen t s 
have s l ight ly th ickened b u t not lignified cell-walls. T r a c h e a e of wider l u men 
can be seen in the p r o t o x y l e m of nar row lumen , 2 — 4 in t h e star-like a r r a n g e -
ment , 5 — 6 in a branch in Lotus tenuis. T h e pro tophloem elements can be f o u n d 
between t h e s ta r -shaped t rachea l e lements , separa ted b y a one or t w o cell-
row th ick p a r e n c h y m a t o u s arc. The cen t ra l cylinder is surrounded b y t h e 
pe r i cambium, a closely set cell row consis t ing of fu l ly developed cells. I t is 
joined o u t w a r d s by cells of gradual ly increasing size, wi th undu la t e and r o u n d e d 
cell-walls, which form t h e p r imary cor tex . The cells are loosely connected b y 
smaller or larger, ma in ly t r iangular in tercel lular spaces. This p a r e n c h y m a -
tous g round tissue consis ts of 6 — 8 cell-rows in most t a x o n s , and 4 — 6 in cv. 
" Ó v á r i " . T h e cross-section is completed by the o u t e r m o s t layer of t h e one-
cell-row th i ck rhizodermis (Figs 1 4). 
The radicle of a 2 — 3- day-oldseedling of Lotus borbásii is of pecul iar 
appearance . Here too, t h e t r ia rch a r r a n g e m e n t of t h e s tele elements is char -
acterist ic. T h e number of pro to- and m e t a x y l e m elements in each point of t h e 
star is usua l ly 4 — 5. T h e Caspari-str iped endodermis is separa ted even in t h e 
initial phase of deve lopment . The p r imary cor tex consists of 7 — 9 cell-rows, i ts 
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Cross- section of radicles from 2—3-day-old Lotus seedlings 
Fig. 1. cv. "Óvár i" (12.5 X ocul., 10 X obj.) 
Fig. 2. L. corn. ssp. hirsutus var. hirs. (12.5 X ocul., 25 X obj.) 
cells are sma l l e r than in t h e o t h e r t axons , hexagona l or r o u n d e d , and closely 
set . In te rce l lu la rs are very few. 
2. Tissue organizat ion of one-month-o ld root. The ou te rmos t cell-row 
of the p r i m a r y roo t , the rh izoderm, breaks u p during the deve lopment , a n d is 
replaced b y t h e exodermis which develops f r o m the ou t e rmos t cell-rows of 
t h e p r imary cor tex . The exodermis general ly consists of t w o cell-rows. T h e 
b r i c k - s h a p e d cells of the o u t e r cell-row m o s t l y f i t together b y undu la t e side-
walls. The i n n e r cell-row consis ts of larger , most ly square , radia l ly s l ight ly 
elongated cells wi th rounded corners (Fig. 7). The p r i m a r y cor tex unde r -
nea th consists of large, r o u n d e d , thin-walled p a r e n c h y m a t o u s cells wi th smaller 
or larger in tercel lu lars in b e t w e e n ; it genera l ly surrounds t h e cent ra l cyl-
inder with 7 — 8 rows of cells. I t s i nne rmos t cell-row a d j a c e n t to t h e peri-
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Cross-section of radicles from 2 — 3-day-old Lotus seedlings 
Fig. 4. L. tenuis (12.5 X ocul., 10 X obj.) 
cambium is the Caspari-s t r iped endodermis . In one-month-o ld Lotus corniculatus 
ssp. hirsutus and ssp. corniculatus the g round tissue cor tex shows a ve ry in te r -
est ing deve lopment dur ing which the Avails of the p a r e n c h y m a t o u s cells are 
absorbed, larger cavities a re produced t h r o u g h the fusion of two or m o r e cells 
su r round ing the central cy l inder , f irst in a lower, while l a t e r in an inc reas ing 
n u m b e r (Fig. 8). 
In t h e central cyl inder t h e xylen bundles are a r r a n g e d s tar - l ike , in 
t r i a rch and t e t r a rch conf igura t ions . Beside t h e na r row- lumen protoxylem t h e 
wider l ume n metaxy lem e lements appea r wi th slightly th ickened cell-walls, 
in larger number s , in groups or cluster-like rows cor responding to t h e po in t s 
of t h e s t a r . The phloem bund les , easily dis t inguishable be tween t h e x y l e m 
rays , consist of sieve-tubes, companion cells and phloem pa renchyma (F ig . 
5). In mos t t axons the x y l e m bundles mee t at t he c e n t r e , so no c e n t r a l 
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Cross-section of roo ts of one-month-old Lotus seedlings 
Fig. 5. L. corn. ssp. hirsutus var. hirs. (12.5 X ocul., 63 X obj.) 
Fig. 6. L. corn. ssp. hirsutus var. pilosus (12.5 X ocul., 10 X obj.) 
p i t h develops. T h e g round- t i s sue pa renchyma is mostly r ep re sen ted by a single 
row of medu l l a ry ray b e t w e e n the xy lem and phloem bundles (Fig. 6). 
In the case of one-month-o ld seedlings t h e secondary thickening of t h e 
roo t cannot be poin ted out y e t , in cont radic t ion to Hansen ' s description. O n l y 
t h e deve lopment of p r imary t i s sues can be spoken of here . 
3. Seconda ry root o rgan iza t ion of b i rds - foot trefoil. I n t h e root of Lotus 
p l a n t s secondary th ickening s t a r t s with t h e deve lopment of the u n d u l a t e 
cambium. The l a t t e r develops i n t o a connected cambium r i n g during t h e con-
t inuous t angen t i a l division of t h e pa renchyma cells between t h e pr imary ph loem 
a n d xylem groups , and wi th i t s bipleuric ac t i v i t y p roduces secondary x y l e m 
e lements in t e rna l ly , and s e c o n d a r y phloem elements ex t e rna l l y . The p r i m a r y 
x y l e m bundles ge t inside t h e cen t ra l cyl inder ; their t r i a r ch a n d te t ra rch con-
Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
INVESTIGATIONS ON LOTUS CORNICULATUS AGG. III . 119 
Cross- section of one-month-old Lotus seedlings 
Fig. 7. L. corn. ssp. hirsutus var. pilosus (12.5 X ocul., 63 X obj.) 
Fig. 8. L. corn. ssp. corn. var. corn. (12.5 X ocul., 10 X obj.) 
f igura t ions can be well dist inguished even l a t e r in most t axons . The s e c o n d a r y 
xylem consists of var ious lumen t racheae , t racheids , a l i t t le p a r e n c h y m a and 
m a n y xylem f iber e lements . The walls of t h e t racheae a r e of spiral and ne t - l ike 
th ickening. The readily s t a ined xylem f i b r e s surround t h e t racheal e l e m e n t s in 
small groups , or divide t h e m b y forming larger groups. T h e secondary xy lem 
elements develop in to a radia l ly a r r a n g e d closed x y l e m cylinder w h i c h is 
divided p a r t l y by p r i m a r y , pa r t ly by seconda ry medu l l a ry rays. The p r i m a r y 
medul la ry r ays are general ly 2 — 3, while t h e secondary ones one or t w o cell-
rows wide. The cells are , in all of t h e m , r ad ia l ly e longa ted , narrow a n d th in -
walled. In some t a x o n s t h e pr imary medu l l a r ly r ays broaden t o w a r d s the 
centre . T h e p i t h is of r ich s ta rch con ten t . Outwards f r o m the several cell-row 
thick u n d u l a t e c amb ium we f ind the secondary ph loem which cons i s t s of 
sieve-tubes, phloem f ibe r s and phloem p a r e n c h y m a . The typical wedge-
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Secondarily thickened roots of birdfoot trefoil 
Fig. 9. cv. "Wallace" (cross-section, 12.5 X ocul., 10 X obj .) 
Fig. 10. cv. "Wallace" (cross-section, part of t he xylem, 12.5 X ocul., 63 X obj.) 
s h a p e d pa t t e rn of the phloem is caused b y t h e medullary r a y s crossing t h e 
x y l e m and c o n t i n u i n g in t h e ph loem. When reach ing the p h l o e m , they widen 
funnel-l ike t h r o u g h a d i la ta t iona l growth b y addit ional cell division. In t h e 
secondary p h l o e m the smaller o r larger g roups of the phloem fibres are easy 
t o stain. The e l emen t s of t h e p r i m a r y ph loem are difficult t o distinguish as 
t h e y are not s h a r p l y separated f r o m the s e c o n d a r y phloem. O u tw ard s t h e sec-
o n d a r y phloem gradually pas se s over to t h e loose-s t ructured, larger-celled 
p a r e n c h y m a t o u s tissue. The one-cell-row endodermis o f ten becomes c o r k y . 
T h e secondary ph loem is s u r r o u n d e d f rom outs ide by t h e secondary b a r k 
produced by a di latat ional g r o w t h outside t h e phloem; a n d the secondary 
b a r k is s u r r o u n d e d by the p e r i d e r m . (Fig. 17). By a dipleur ic ac t iv i ty t h e 
cork-cambium produces cork cells external ly , and a phe l loderm of g r o u n d 
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Secondarily thickened roots of birdfoot trefoil 
Fig. 11. cv. "Wallace" (longitudinal section, calcium oxala te crystals in the phloem, 12.5 X 
ocul., 10 X obj.) 
Fig. 12. L. corn. ssp. corn. var. corn, (par t of the xylem, cross-section, 12.5 X ocul., 63 X ob j . ) 
t issue character in terna l ly . In t h e phloem and t h e secondary h a r k a rich con-
t en t of s tarch and calcium oxa la t e crystals is f o u n d . 
4. As men t ioned in the in t roduct ion , t h e secondary root th ickening 
of wild t axons and cul t ivated var ie t ies of Lotus corniculatus is diversified a n d 
of de te rmina t ive charac te r as regards the m a i n taxons . F u r t h e r on the sec-
onda ry root th icken ing of character is t ic t a x o n s will he su rveyed . 
a) Lotus corniculatus L. ssp. corniculatus v a r . corniculatus. The p r i m a r y 
xy lem is of t r i a rch conf igura t ion which r ema ins distinct ins ide the root. I n 
t h e secondary xy lem t h e t racheae are very large, w i t h wide lumen and th ickened 
walls (Figs 12 a n d 25). The secondary x y l e m cylinder is broken up b y 
t h e medul la ry rays . The p r imary medullary r a y s run radial ly a t a width of 
2 — 3 cell-rows to t h e central ly a r r anged p r imary xy lem, while ou twards widen 
funnel- l ike. The secondary medul la r ly rays are f o u n d at a wid th of one cell-row 
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Secondarily thickened Lotus roots 
Fig. 13. L. corn. ssp. corn. var . corn, (tangential longitudinal section. 12.5 X ocul., 63 X obj.) 
Fig. 14. L. corn. ssp. corn. va r . corn, (tangential longitudinal section, starch grains; 12.5 X 
ocul., 63 X obj.) 
in a shor te r or longer d e c u r r e n t , an i r r egu la r radial p a t t e r n between t h e xylem 
fibers and t h e tracheae. T h e secondary x y l e m cylinder is smaller c o m p a r e d to 
the ph loem and bark. A r ich content of s t a r ch is found in the p a r e n c h y m a t o u s 
tissue (F ig . 14). 
b) c v . "Wal lace" . 
T h e t e t r a r c h conf igura t ion pro to- a n d metaxy lem is clearly seen in the 
centre of t h e root, t h o u g h secondary x y l e m elements a re also wedged in. The 
secondary xylem develops an unbroken cylinder in which the t r a c h e a e are 
of medium and large l u m e n , su r rounded b y smaller groups of t r a c h e i d s and 
xylem f i b e r s (Figs 9 a n d 10). I t is charac ter i s t ic t h a t t h e cells of t h e xylem 
p a r e n c h y m a divide t h e radia l s t r u c t u r e of the x y l e m by their concentr ic 
pa t te rn . T h e pr imary m e d u l l a r y rays a re 2 — 4-cell-rows wide, of rad ia l arrange-
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Secondarily thickened Lotus roots 
Fig. 15. L. corn. ssp. hirsutus var. hirsutus (cross-section, part of the xylem, 12.5 X ocul., 10 X 
ohj.) 
Fig. 16. L. corn. ssp. hirsutus \ar. hirsutus (cross-section, part of the xylem, 12.5 X ocul 
10 X obj.) 
m e n t , b roaden ing about the midd le . The secondary medul la ry r ays too r u n 
radial ly , a t a w id th of 1—2 cell rows. In the secondary phloem t h e r e is a l a rge 
q u a n t i t y of calcium oxalate c rys ta l s and re la t ive ly little s t a r c h (Fig. 11). 
c) Lotus corniculatus L. ssp. hirsutus (Koch) Rothm. 
The p ro to - and me taxy lem inside the roo t a re readily d i s t inguished be ing 
sur rounded b y t h e pa renchyma cells of medu l l a ry rays r u n n i n g to the cen t re 
(Fig. 15). The secondary xylem cylinder is well developed; t h e four p r i m a r y 
medul la ry r a y s b roaden abou t t h e middle, becoming 3 —4-cell-rows wide, while 
in the phloem widen funnel- l ike (Fig. 16). T h e secondary medul la ry r a y s 
too run rad ia l ly a lmost to t h e cent re , and h a v e a rich s t a r c h content . T h e 
t r acheae are of na r row lumen, t h e xylem f ibe r s well deve loped (Fig. 18). 
In t h e phloem the re is a large n u m b e r of read i ly stained p h l o e m fibers. I t is 
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Secondarily thickened Lotus roots 
Fig. 17. L. corn. ssp. hirsutus va r . hirsutus (cross-section detail: suberized endoderiuis, secondary 
bark, secondary epidermis; 12.5 X ocul., 25 X obj.) 
Fig. 18. L. corn. ssp. hirsutus va r . hirsutus (radial longitudinal section, detail: tracheae, xylem 
fibers; 12.5 X ocul., 63 X obj.) 
highly character is t ic t h a t t h e endodermis becomes c o r k y , and the zone of the 
pr imary co r t ex is s u r r o u n d e d by t h e several cell-row wide secondary bark 
which is t h e n closed b y t h e periderm consist ing of phe l loderm and cork cells 
(Fig. 17). 
d) Lotus tenuis W . e t К . 
I t is character ized b y a thick s econda ry xylem cyl inder which is divided 
by a g rea t number of ( p r i m a r y and secondary) m e d u l l a r y rays. The t r acheae 
generally a re of nar r row lumen , there a re b u t a few w i t h large lumen . A great 
many g r o u p s of xylem f i b e r develop (Figs 23, 24 a n d 25). The medu l l a ry 
rays are 3 — 5-cell-rows wide , and run t o t h e central ly located p r imary xylem. 
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S e c o n d a r i l y t h i c k e n e d Lotus r o o t s 
Fig. 19. L. corn. ssp. hirsutus v a r . hirsutus ( t a n g e n t i a l l o n g i t u d i n a l sec t ion , d e t a i l : c a l c i u m 
o x a l a t e c r y s t a l s ; 12.5 X ocu l . , 63 X o b j . ) 
Fig. 20. L. borbásii ( c ross - sec t i on , d e t a i l o f t h e x y l e m ; 12 .5 X o c u l . , 25 X o b j . ) 
In t h e phloem ring well developed groups of readi ly s ta ined phloem f ibers 
are seen (Fig. 26). 
e) Lotus borbásii U j h . 
D u r i n g the secondary th icken ing of the root t h e secondary x y l e m be-
comes a well developed closed cylinder. A large number of na r row lumen t r acheae 
a r ranged in radial rows accompanied b y numerous x y l e m f iber g roups are 
seen (Figs 20 and 22). I n t h e inside of t h e root the t r i a r c h conf igura t ion of the 
p r i m a r y xy lem is su r rounded b y t h e broadening r a d i a l rows of m e d u l l a r y 
rays. In t h e phloem a n d t h e medul la ry r a y s s tarch and calcium oxa la te crysta ls 
are f o u n d in large a m o u n t s (Fig. 21). The e n d o d e r m becomes corky, 
and ou t s ide the zone of t h e secondary cor tex , as a resul t of t h e dipleuric ac t iv i ty 
of t h e co rk -cambium, a t h i ck phe l loderm layer develops which is closed f rom 
outside b y several rows of cork cells. 
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S e c o n d a r i l y t h i c k e n e d Lotus r o o t s 
- Fig. 21. L. borbásii ( c ross -sec t ion , d e t a i l : p h l o e m w i t h c r y s t a l s ; 12. 5 X o c u l . , 25 X o b j . ) 
Fig. 22. L. borbásii ( t a n g e n t i a l l ong , s e c t i o n ; 12.5 x ocu l . , 25 X o h j . ) 
Fig. 23. L. tenuis ( c r o s s - s e c t i o n , d e t a i l o f t h e x y l e m ; 1 2 . 5 x o c u l . , 25 X o b j . ) 
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S e c o n d a r i l y t h i c k e n e d Lotus roo ts 
Fig. 25. L. tenuis ( t a n g e n t i a l l o n g i t u d i n a l s e c t i o n , d e t a i l ; 12.5 X o c u l . , 25 X o b j . ) 
5. I n t h e roots of several-years-old Lotus corniculatus taxons t h e s a m e 
secondary th icken ing as ou t l ined above is found , only, n a t u r a l l y , at a h igh ly 
advanced s t a g e of deve lopment . This is man i f e s t mainly in a more in t ens ive 
l ignification, such as the th icken ing of t h e cell-walls of t h e t racheae, t h e well 
developed f i b e r s and f iber groups , the ex tens ion of the suber ized endodermis 
and phe l loderm layers. 
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S e c o n d a r i l y t h i c k e n e d Lotus r o o t s 
Fig. 26. L. tenuis ( c r o s s - s e c t i o n , p a r t o f t h e p h l o e m : 12.5 X o c u l . , 63 X ob j . ) 
Fig. 27. L. corn. ssp. corn. v a r . corn, ( r a d i a l l o n g i t u d i n a l sec t ion , d e t a i l ; 12.5 X ocu l . , 63 X o b j . ) 
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POSSIBLE WAYS OF MORPHOGENESIS IN HIGHER 
PLANT TISSUE CULTURES* 
B y 
L . H E S Z K Y 
INSTITUTE OF AGROBOTANY, TÁPIÓSZELE 
T h e a i m o f ou r w o r k was to clear u p w h a t processes o f ce l l a n d tissue d i f f e r e n t i a -
t i o n t a k e p lace i n t h e c a l l u s t issue u n t i l t h e appearance o f t h e p l a n t s (shoots, r o o t s ) . 
A c c o r d i n g t o ou r o b s e r v a t i o n s the d e v e l o p m e n t o f t he same o r g a n s m a y be p r e c e d e d 
b y t o t a l l y d i f f e r e n t processes o f d i f f e r e n t i a t i o n . T h e same h o r m o n e c o n c e n t r a t i o n w h e n 
a c t i n g i n t h e cal lus t issues o f d i f f e ren t p l a n t species, as w e l l as d i f f e r e n t h o r m o n e con -
c e n t r a t i o n s i n the ca l lus t i s sue o f the same species m a y i nduce e i t h e r adven t i ve e m b r y o -
genesis o r ap i ca l m e r i s t e m d i f f e r e n t i a t i o n . T h e pape r deals w i t h t h e adven t i ve e m b r y o -
genesis, t h e d i f f e r e n t i a t i o n o f t h e shoot a n d r o o t apex as w e l l as w i t h the organogenes is . 
O n t h e g r o u n d of r e s e a r c h resu l ts o b t a i n e d i n t h e las t seve ra l years we o u t l i n e t h e 
possib le w a y s o f cel l a n d t i s sue d i f f e r e n t i a t i o n as w e l l as o f o rganogenes is e n a b l i n g us t o 
raise p l a n t s f r o m u n d i f f e r e n t i a t e d cal lus cel ls . 
Introduction 
The correctness of H A B E R L A N D T ' S t h e o r y (1902) was confirmed b y t h e 
scientific resu l t s of the p a s t decades, since researchers succeeded in sus t a in ing 
haploid and diploid cells a n d tissues of va r ious plant species in v i t ro a n d 
regenerat ing p lan ts f rom t h e m thereby giv ing evidence of their t o t i p o t e n c y 
in sterile cu l tu res as well. 
The resul ts of morphogenesis induced in cell and t i ssue cultures h a v e 
been summed u p by a n u m b e r of authors ( R E I N E R T 1962, 1968, S T E W A R D 1963, 
1969, 1971, H A L P E R I N 1966, 1969, G A U T H E R E T 1966, K O N A R 1967—68, 
W A R D L A W 1968, W A R E I N G — P H I L L I P S 1970, H E S Z K Y 1971, 1973a) b o t h in 
somatic and haploid cu l tu res . In spite of th i s M A R Ó T I — V Á G U J F A L V I — D O M O -
KOS (1972), while carrying ou t invest igat ions on this s u b j e c t , arrived a t t h e 
conclusion t h a t " m a n y d a t a are available on the in v i t r o histogenetic a n d 
organogenctic d i f fe ren t ia t ion of plants, b u t t h e mechanism and de t e rmina t ion 
of d i f ferent ia t ion have no t been sufficiently clarif ied in sp i te of the large n u m b e r 
of details k n o w n " . In a g r e e m e n t with this s t a t e m e n t we give an account he r e 
of our resul ts concerning t h e mechanism of morphogenesis . 
Some a u t h o r s described an advent ive embryogenesis (somat ic e inbryogen-
esis, embryo id organiza t ion) in the d i f fe ren t ia t ing soma t i c callus t i s sue , 
mostly in t h e callus t issue of carrot — a n excellent t e s t object of t h e las t 
* L e c t u r e de l i ve red a t t h e 3 r d H u n g a r i a n S y m p o s i u m fo r P l a n t A n a t o m y (27 — 29 
September 1973) , V isegrád , H u n g a r y . 
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decade 's s t u d y of somat ic embryogenes i s ( R E I N E R T 1959, H A L P E R I N — W E T H E -
R E L L 1 9 6 4 , 1 9 6 5 , H A L P E R I N — J E N S E N 1 9 6 6 , 1 9 6 7 , N A K A J I M A — Y A M A G U C H I 
1 9 6 7 , K A T O 1 9 6 8 , S U S S E X — F R E I 1 9 6 8 , R E I N E R T — T A Z A W A 1 9 6 9 , B A C K S -
H Ü S E M A N N — R E I N E R T 1970). In v i t ro e m b r y o i d o rgan iza t ion was obse rved b y 
K O N A R — N A T A R A J A (1965) in Ranunculus sceleratus species , by R E I N E R T — 
B A C K S — K R O S I N G (1966) in Umbellifera c u l t u r e species, b y N O R S T O G — R H A M -
S T I N E (1967) in Zamina integrifolia and Cycas circinalis species and b y R A O — 
N A R A Y A N A S W A M Y — B E M J A M I N (1970) in Tylophora indica. E m b r y o g e n e s i s 
induced in cal lus cu l tu re cor responded t o t h e d e v e l o p m e n t of an e m b r y o 
formed f r o m a zygote, as p r o v e d by H E S Z K Y (1973b) a t a several-cell s t a g e of 
t h e p r o e m b r y o as well. 
F r o m t h e s e results we can establ ish t h a t somatic or a d v e n t i v e e m b r y o g e n -
esis is one of t h e ways of morphogenes i s , in t he course of which the e m b r y o s 
developed on t h e cul ture m e d i u m d i f f e r e n t i a t e , and b y i n d u c i n g the g e r m i n a -
t ion of e m b r y o i d s we can r a i se p lants f r o m t h e callus. 
The regenera t ion of p l a n t s in t h e ca l lus tissue of v a r i o u s p lan t species 
has been r e p o r t e d by a n u m b e r of a u t h o r s — as e. g. V A S I L — H I L D E B R A N D T 
(1966) fo r Cichorium endivia, T A K A T O R I — M U R A S H I G E — S T I L L M A N (1967, 
1968) for Asparagus officinalis, L U S T I N E C — H O R Á K (1970) and H O R Á K — 
L A N D A — L U S T I N E C (1971) f o r Brassica oleracea, Z A G O R S K A — S A M I N A — B u -
T E N K O (1971) for Nicotiana tabacum, N I S H I — Y A M A D A — T A K A H A S H I (1968) 
for Orysa sativa, R A O — N A R A Y A N A S W A M I (1968) for Solanum xanthocarpum 
and H E I N Z — M E E (1969) fo r Saccharum species — bu t in s o m e cases t h e process 
and i n d u c t i o n of d i f f e ren t i a t ion differed f r o m the a d v e n t i v e embryogenes i s . 
The resul ts p r o v e d , at t h e s a m e t ime, t h a t t h e morphogenes i s m a y t a k e courses 
dif ferent f r o m those of t h e a d v e n t i v e embryogenes i s . I n t h e course of cy to lo -
gical and his tological s t u d i e s shoot a n d r o o t o rgan iza t ion was obse rved in 
several cases . 
Shoot b u d organiza t ion was r e p o r t e d b y K O N S T A N I N O V A — A K S E N O V A — 
B A V R I N A — C H A Y L A H Y A N (1969) and K O C H H A R — B H A L L A — S A B H A R W A L (1971) 
in Nicotiana tabacum and b y H I L L (1968) in Chrysanthenum cu l tures . On t h e 
o ther h a n d , in t he callus t i s sues of p o t a t o ( O K A Z A W A — K A T S U R A — T A G A W A 
1967), w h e a t ( T R I O N E — J O N E S — M E T Z G E R 1968, D U D I T S 1972) and h a p l o i d 
rice (HESZKY—SAJÓ 1973) only root a p e x d i f fe ren t ia t ion and rhizogenesis 
were genera l ly observed even u n d e r t h e i n f l u e n c e of var ious h o r m o n e c o n c e n t r a -
t ions and in te r re l a t ions . 
In a classical e x p e r i m e n t S K O O G — M I L L E R (1957) could induce e i t h e r 
b u d f o r m a t i o n or root f o r m a t i o n in t o b a c c o callus t issue c u l t u r e by c h a n g i n g 
t h e h o r m o n e concen t r a t i ons a n d in t e r r e l a t ions . Their r esu l t s were only m o d e r -
a te ly c o n f i r m e d by e x p e r i m e n t s r e p e a t e d w i t h various p l a n t species. I n s o m e 
species s h o o t , in others r o o t f o rma t ion w a s easier to i n d u c e . In m a n y cases 
t he o ther po l e h a d to be r e g e n e r a t e d on o r g a n s a l ready deve loped . T h e p r o b -
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abi l i ty of shoot format ion and development was more f r e q u e n t in callus 
cu l tures of Germanium var ie t ies ( P I L L A I — H I L D E B R A N D T 1969), haploid 
Datura metel ( I Y E R — R A I N A 1972), Trifolium repens ( P E L L E T I E R — P E L L E T I E R 
1971) and hap lo id tobacco ( T A N A K A — N A K A T A 1968). From t h e callus tissues 
of monocoty ledons root deve lopment was general ly found easier t o induce. 
As seen f r o m the results t h e quest ions of morphogenesis a re no t perfect ly 
clear ; some a u t h o r s describe t h e processes of d i f ferent ia t ion a n d organogenesis 
d i f fe rent ly . I t can be establ ished, however, (Fig. 1) tha t morphogenes is can 
be induced in t h e callus t issue cul tures of h igher plants in d i f ferent ways 
I n d u c t i o n o f morphogenes is 
A ; A p i c a l m e r i s t e m d i f f e r e n t i a t i o n 
A / 1 . Shoo t apex A /2 . Roo t a p e x 
d i f f e r e n t i a t i o n d i f f e r e n t i a t i o n 
Fig. 1. Possible w a y s o f i n d u c i n g morphogenes i s i n t h e ca l l us t issue c u l t u r e s o f h igher p l a n t s 
( H E S Z K Y 1972). T h e afore given resul ts can all be placed in one or ano ther 
of t h e two or t h e th ree types seen in Fig. 1. I t is supposed t h a t all the t h r ee 
fo rms of morphogenesis can be induced in the callus tissue of each p l an t species. 
This has, however , indispensable precondi t ions , namely , an a d e q u a t e compo-
sit ion cul ture m e d i u m , and t h e op t imum q u a n t i t y and ra t io of hormones 
establ ished by exper iments . 
B ; S o m a t i c embrvogenes is 
Material and Method 
Car ro t ca l lus w a s induced f r o m t h e r o o t t issue o f t h e v a r i e t y " W e s z r a j a v e n n a j a " . 
S te r i l e f r a g m e n t s — i n c l u d i n g the c a m b i a l zone — of one y e a r o ld roo ts w e r e p laced on R M 
m e d i u m (LINSMAYER — SKOOG 1965) c o m p l e t e d b y 2.4 D (2 .0 p p m ) and I A A ( 1 . 0 p p m ) or N A A 
(4 .0 p p m ) . P r o l i f e r a t i o n s ta r ted f r o m t h e c a m b i a l zone a n d t h e p a r a n c h y m a t i ssue s u r r o u n d i n g 
i t , 2 — 3 weeks a f t e r t h e iso la t ion . T h e d e v e l o p i n g cal lus w a s swel led t h r o u g h seve ra l passages 
on a R M c u l t u r e m e d i u m s u p p l e m e n t e d w i t h I A A (4.0 p p m ) , k i n e t i n (0 .08 p p m ) a n d 2.4 D 
(4.0 p p m ) . The u n d i f f e r e n t i a t e d ca l lus t i ssue t h u s inc reased was used f o r s t u d y i n g the m o r -
phogenes is . 
T h e tobacco ca l l us t issue was p r o d u c e d b y i n d u c i n g ca l lus f o r m a t i o n i n s ter i le h a p l o i d 
p l a n t l e t s . F r o m a n t h e r s o f the v a r i e t y " S z a b o l c s i " h a p l o i d p l a n t s were r a i s e d w i t h the he lp 
o f t h e m e t h o d a n d c u l t u r e med ia desc r i bed b y NITSCH —NITSCH (1969) (HESZKY — PAÁL 1972). 
T h e h a p l o i d p l a n t l e t s we re p laced o n R M c u l t u r e m e d i u m s u p p l e m e n t e d w i t h I A A (4.0 p p m ) . 
k i n e t i n (0.08 p p i n ) a n d 2,4 D (4.0 p p m ) . T h e d e v e l o p i n g ca l lus was swe l led t h r o u g h repea ted 
passages and used t o i nves t i ga te t h e morphogenes is . 
W i t h t h e p u r p o s e o f i n d u c i n g a n d m a i n t a i n i n g t h e morphogenes is a n d ra i s i ng p lan t s 
t h e u n d i f f e r e n t i a t e d ca l l us tissues were p l a c e d on RM c u l t u r e med ia c o n t a i n i n g I A A (2.0 — 8.0 
p p m ) , k i n e t i n ( 0 . 0 2 — 1 . 0 p p m ) and N A A (1 .0 p p m ) . T h e t i ssue cu l tu res w e r e k e p t i n n a t u r a l 
l i g h t c o m p l e t e d b y a r t i f i c a l i l l u m i n a t i o n (16 h o u r s / d a y ) , a t a t e m p e r a t u r e o f 25 — 28 °C. 
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I n t h e cal lus p r e p a r a t i o n s s ta ined w i t h c a r m i n e acet ic a c i d we s tud ied t h e phases of 
cel l , t i ssue a n d o rgan d i f f e r e n t i a t i o n . F r o m t h e d i f f e r e n t i a t i n g ca l l us t issues s te r i l e samples 
were t a k e n every 1 — 3 d a y s . T h e pho tos we re m a d e w i t h a M O M t u b e (0.6 —40 X o b j e c t i v e . 
2.5 — 6.3 X p r o j e c t i v e ) f i t t e d t o a " L a b o v a l " Zeiss m ic roscope or Zeiss s te reomic roscope. on 
N P 20 f i l m . 
T h e ch romosome n u m b e r was d e t e r m i n e d i n p r e p a r a t i o n s m a d e f r o m t h e r o o t t i p s of 
p l a n t l e t s g r o w n i n K n o p s o l u t i o n b y the g e n e r a l l y used c a r m i n e ace t i c acid m e t h o d . 
W h e n o n l y a s ing le o r g a n deve loped f r o m the ca l lus w e used RM c u l t u r e m e d i u m 
s u p p l e m e n t e d w i t h N A A ( 1 . 0 p p m ) , D i f c o O r c h i d cu l t u re m e d i u m (HESZKY 1 9 7 1 ) or K n o p 
s o l u t i o n t o release the g r o w t h i n h i b i t i o n , o r regenera te the o p p o s i t e pole. 
Resul t s 
I. Investigation on adventive embryogenesis in the somatic callus tissue 
culture of Daucus carota L. 
T h e und i f f e ren t i a t ed callus t i s sue was placed on a cul ture med ium 
c o n t a i n i n g 2.0 ppm I A A and 0.02 p p m kinetin w i th t h e purpose of inducing 
embryogenes is . Beyond t h e aim of inducing embryogenes is we w a n t e d to 
repeat t h e in terre la t ion tes t s and resul t s of S K O O G — M L L L E R (1957) in the 
callus t i s sue of the c a r r o t . 
F o u r to six weeks a f t e r the isolat ion t iny p l a n t l e t s — or in t h e case of 
0.02 p p m kinetin added t o 2.0 ppm I A A roots , and w i th a kinetin concent ra t ion 
of 1.0 p p m shoots — a p p e a r e d in t h e callus tissue. So we succeeded in repeat-
ing Skoog — Miller's in te r re la t ion exper iments in ca r ro t callus t issue t oo . How-
ever, cont inuous cytological inves t igat ions made on t h e d i f fe ren t ia t ing callus 
revealed t h a t prior t o t h e deve lopment of either shoots or roots embryoids 
were fo rmed in the cal lus , and t h e in terre la t ion d e p e n d e n t dif ference could 
not he poin ted out in t h e advent ive embryogenesis . T h e difference only occur-
red wi th the germina t ion of the embryos , caused b y t h e growth inhibi t ion of 
ei ther t h e root or the shoo t apex of t h e embryo. 
T h e cytological inves t iga t ions enabled us to follow t h e full embryogenesis 
of embryoids developing f rom a single cell, with special regard to t h e several-
celled p roembryo s t age — not per fec t ly clarified in t h e l i tera ture — described 
in detai l in an earlier p a p e r (HESZKY 1973b). In t h e present paper it is only 
referred to in Fig. 2. According to t h e inves t iga t ions the organizat ion of 
embryo ids developing f r o m callus cells becoming e m b r y o n a l agreed wi th the 
deve lopment of the e m b r y o tak ing shape f rom t h e zygo te both in a several-
celled s t a t e and at t h e subsequen t s tages . 
Fig . 3/A shows to rpedo-s tage embryoids d i f fe ren t ia t ing 3—4 weeks 
a f te r t h e isolation t h r o u g h the e longat ion of the radic le and hypocoty l pr imor-
dia. A f t e r this the deve lopmen t of t h e cotyledon s t o p p e d — as in t h e in v i t ro 
embryo cul tures —, b u t in the m a t u r e embryoids developed a f t e r a f u r t he r 
organizat ion the p r imord ia of p rocambia l hudle shea t f u n d a m e n t s could a l ready 
he clearly dis t inguished (Fig. 3/B). 
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Fig. 2. S o m a t i c e m b r y o g e n e s i s f r o m a s i n g l e ca l lus cel l I . A . C a l l u s cel ls h a v i n g b e c o m e e m b r y o -
n a l ( 4 0 X o b j . , 6 ,3 X p r o j . ) ; B . T w o - c e l l e d p r o e m b r y o ( 4 0 X o b j . , 6,3 x p r o j ) ; C. F o u r - c e l l e d 
T - s h a p e d p r o e m b r y o ( 4 0 X o b j . , 6,3 X p r o j . ) ; D . F o u r - c e l l e d e m b r y o p r i m o r d i u m (40 X o b j . , 
6 ,3 X p r o j . ) ; E . G l o b u l a r - s h a p e stage e m b r y o (40 X o b j . , 2 ,5 X p r o j . ) ; F . H e a r t - s h a p e s tage 
e m b r y o ( 1 0 X o b j . , 4,0 X p r o j . ) 
9* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
1 2 8 L. IIESZKY 
Fig. 3. S o m a t i c e m b r y o g e i i e s i s f r o m a s i n g l e c a l l u s cel l I I . A . T o r p e d o - s t a g e e m b r y o (10 X 
o b j . , 2,5 X p r o j . ) ; B . F u l l y d e v e l o p e d e m b r y o ( 1 0 x o b j . , 2,5 X p r o j . ) , C. S h o o t f o r m a t i o n o f 
an e m b r y o w i t h t h e g r o w t h i n h i b i t i o n o f t h e r o o t apex ( 1 0 X o b j . , 2,5 X p r o j . ) ; D . Shoots 
r a i s e d f r o m cal lus 
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No difference was f o u n d in the embryogenesis as a response to chang ing 
kinet in concent ra t ions c o m p a r e d to a c o n s t a n t 2 ppm I A A level. The e m b r y o -
genesis was normal on b o t h cul ture med ia , difference w a s only shown in the 
organogenesis . 
F r o m t h e f i f th t o s ix th week a f t e r isolation t h e development of the 
embryoids became confused . In the case when the c u l t u r e medium — where 
t h e embryogenesis was induced — con t a ined 2.0 p p m I A A and 1.0 p p m 
kinet in a f t e r t h e embryogenesis , only t h e initial cells of t h e shoot a p e x and 
Fig, 4. S o m a t i c e m b r y o g e n e s i s f r o m a s ing le c a l l u s ce l l I I I . R o o t f o r m a t i o n o f a n e m b r y o 
w i t h t h e g r o w t h i n h i b i t i o n o f t h e s h o o t a p e x (4 X o b j . , 2 , 5 X p r o j . ) 
the t issues of the p r i m a r y meris tem showed act ivi ty, a n d from the cal lus 
tissue only t h e organogenesis of the shoo t could be observed (Fig. 3/c). E v e n 
la ter only shoot format ion could he seen f r o m the callus (F ig . 3/D). 
W h e n t h e culture m e d i u m was supp lemented w i t h 2.0 ppm I A A and 
0.02 p p m k ine t in , similar disorders occurred in the deve lopmen t of the e m b r y o 
a f te r it h a d reached the t o r p e d o stage. Beside a normal g r o w t h of the in i t ia l 
cells and meris temic t issues of the roo t t h e growth of t h e shoot a p e x was 
inhibi ted (Fig. 4). Even in t h e later per iods of the cul ture on ly root f o r m a t i o n 
could be observed from t h e callus t issue. 
The p lan t le t s possessing roots or shoots were t hen placed on a s imple 
Difco-Orchid culture m e d i u m (Fig. 5/A), or in Knop solut ion (Fig. 5/B), 
where t h e development of t h e earlier inh ib i t ed organs was normal . Seedlings 
possessing roots and shoots were t r a n s p l a n t e d into soil (F ig . 5/C). The f u r t h e r 
growth of t h e plants did n o t differ f rom t h a t of plants r a i sed from seed (Fig . 
5/D), and t he i r chromosome n u m b e r was 2n = 18. 
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Fig. 5. P l a n t s r a i s e d f r o m e m b r y o s h a v i n g d i f f e r e n t i a t e d o n c u l t u r e m e d i u m . A . R o o t f o r m a -
t i o n i n d u c e d o n s o i l D i f c o - O r c h i d c u l t u r e m e d i u m ; B . R o o t f o r m a t i o n i n d u c e d i n K n o p s o l u -
t i o n ; C. P l a n t l e t s w i t h r o o t s a n d s h o o t s ; D . F u l l y d e v e l o p e d p l a n t s 
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I I . Investigation on apical meristem differentiation in a haploid callus tissue 
culture of Nicotiana tabacum L. 
Shoot and root apice d i f ferent ia t ion was induced on RM cu l tu re med ium 
supplemented w i th IAA (2.0 p p m ) and k ine t in (0.02—1.0 p p m ) , according 
t o t h e hormone in terre la t ion t e s t s of S K O O G — M I L L E R ( 1 9 5 7 ) . On the cu l tu re 
m e d i u m 3—6 weeks a f t e r the isola t ion — depend ing on the supp lemen ta t ion — 
e i ther shoots or roo t s developed f r o m the cal lus. 
Examina t i ons of cytological prepara t ions m a d e from t h e callus t i s sue 
before the appea rance of the d i f f e ren t organs revea led tha t the his to- and orga-
nogenet ic processes observed in t h e tobacco ca l lus tissue were different f r o m 
t h e mode of d i f fe rent ia t ion of t h e carrot callus t i s sue — somat i c embryogene-
sis — in spite of t h e identical c u l t u r e media used in the two cases . 
Following t h e isolation f r o m the und i f fe ren t i a t ed callus cells (Fig. 6/A) 
t r ache id cells d i f fe ren t ia ted w i th net-like cell-wall th ickening (Fig. 6 /B) . 
Callus cells hav ing d i f ferent ia ted i n t o one-celled t racheids loca ted in the callus 
t i ssue in thread- l ike or spherical groups (Fig. 6 /D) . In the l a t t e r case t iny r o u n d 
cells with large nuclei d i f fe ren t i a ted around t h e t racheid cen t re s (Fig. 5/C). 
T h e f requen t division of these cells resulted in t h e development of a promeri-
s t e m . This s tage suggested t h e di f ferent ia t ion of t h e apical mer is tem in t h e 
callus (Fig. 6/D). 
With the f u r t h e r organiza t ion of the ap ica l meristem t h e p ro toderma 
— a one-cell-row surface mer i s t em d i f fe ren t ia t ing from the o u t e r cell l aye r 
of t h e promeris tem — can be c lear ly dis t inguished, and as a r e su l t of a f u r t h e r 
d i f ferent ia t ion t r i chomes appear on it (Fig. 6 /E) . Dur ing the con t inued organi-
za t ion of the shoot apex the d i f fe ren t ia t ing leaf pr imordia can be seen in t h e 
f o r m of p ro tube rances (Figs. 6 /F , 7/A). Subsequen t ly , with t h e d i f fe rent ia t ion 
of t h e corpus a shoo t apex charac ter i s t ic of t h e tobacco plant develops slowly 
(Fig. 7/C); the f i g u r e clearly shows t h a t in t h e case when t h e shoo t apex dif-
fe ren t i a tes the roo t pole does n o t develop. 
The d i f fe rent ia t ion of the roo t apex was charac ter ized b y a meris tem f o r -
m a t i o n similar t o t h a t described above . 
Fig. 7/E shows a root developing on RM c u l t u r e med ium supp lemen ted 
w i th IAA (2.0 p p m ) and kinet in (0.02 ppm). A r o u n d a t r a c h e i d centre more 
t h a n one mer is tem t ip may deve lop as i l lus t ra ted in Fig. 7/D for roots a n d 
Fig. 7/B for shoots . 
The large n u m b e r of apices do not s tar t developing in e v e r y case. The re 
a re cases when ne i the r shoots no r roots deve lop from the apices fo rmed . 
This can be exp la ined by the f a c t t h a t in ce r t a in cases the composi t ion a n d 
osmot ic pressure of t h e cul ture med ia required f o r the d i f fe rent ia t ion of t h e 
apical meristem a re different f r o m w h a t is necessa ry to induce a n d ma in t a in 
t h e development of shoots and roo t s f rom the ap ices . 
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Fig. 6. A p i c a l m e r i s t e m d i f f e r e n t i a t i o n f r o m c a l l u s cells I . A . U n d i f f e r e n t i a t e d c a l l u s cel ls 
( 4 0 X o b j . , 6 , 3 X p r o j . ) ; B . O n e - c e l l e d t r a c b e i d d i f f e r e n t i a t e d f r o m a ca l l us cel l ( 4 0 X o b j . , 6,3 X 
p r o j . ) ; C. M e r i s t e m cells d i f f e r e n t i a t e d f r o m c a l l u s cel ls (40 X o b j . , 6 ,3 X p r o j . ) ; D . P r o m e r i s t e m 
t i ssue d i f f e r e n t i a t i n g a r o u n d a t r a c h e i d c e n t r e ( 1 0 X o b j . , 6 ,3 X p r o j . ) ; E . E p i d e r m i s h a v i n g 
d i f f e r e n t i a t e d f r o m t h e p r o t o d e r m o f t h e s h o o t a p e x , w i t h t r i c h o m e s (10 X o b j . , 6 , 3 X p r o j . ) ; 
F . P r o t u b e r a n c e i n d i c a t i n g t h e d i f f e r e n t i a t i o n o f a lea f p r i m o r d i u m (10 X o b j . , 6 , 3 X p r o j . ) 
Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
W AYS OF MORPHOGENESIS 1 3 3 
Cultures containing developing shoots (Fig. 8/A) were placed on c u l t u r e 
med ium supp lemented wi th N A A (1.0 p p m ) where the roo t s regenerated in a 
few weeks (Fig. 8/B). P l an t l e t s possessing shoots and roo ts were placed f i r s t 
in Knop solut ion (8/C) t h e n p l an ted into soil (8/D). The chromosome n u m b e r 
of the raised p lant le ts was v a r y i n g (2n = 24, 36, 48, 72). 
Discussion 
Undi f f e ren t i a t ed callus t issues of ca r ro t and tobacco were placed on 
cul ture media of identical composi t ion a t t h e same t ime. W h e n 2.0 p p m I A A 
and 0.02 p p m kinet in was added to the cu l tu re media roo t s , whereas w h e n 
2.0 ppm I A A and 0,08 p p m kine t in was supp lemen ted shoots developed f r o m 
the und i fe ren t i a t ed callus t issues , in accordance wi th the h o r m o n e in te r re la t ions . 
Thus we succeeded in r epea t ing the in te r re la t ion tes ts of S K O O G — M I L L E R 
(1957) wi th haploid tobacco callus- and somat ic carrot callus t issues. H o w e v e r , 
on the grounds of cytological invest igat ions i t could be establ ished t h a t t h e 
appearance of t h e same organs was preceded by d i f ferent processes of d i f -
ferent ia t ion in t h e callus t issues of the two species. The s a m e culture m e d i u m 
induced a d v e n t i v e embryogenesis in t h e ca r ro t , and ap ica l meristem d i f -
ferent ia t ion in t h e tobacco callus. 
As seen in Fig. 9 in t h e somat ic callus t issue of t h e ca r ro t some cal lus 
cells became embryona l following the induc t ion of morphogenesis , d iv ided 
in the same way as a zygote , and embryoids d i f fe ren t ia ted f rom them ( F i g . 
9, 1—12). However , t he embryogenesis is n o t a lways normal . When an i m p r o -
per cul ture m e d i u m is used induct ion m a y t a k e place a n d embryogenesis 
s t a r t , b u t t h e embryos will become degenera ted , callous, e tc . a t a definite s t a g e 
of deve lopment . I t is no t sure either t h a t p lan t le t s will develop f rom t h e 
embryoids even if the full embryogenesis is successfully ma in ta ined . I t m a y 
occur t h a t t h e callus con ta in ing t h e fully developed embryos has to he p l aced 
on a new cu l tu re medium t o release the g rowth inhibi t ion of the d i f f e r en t 
organs and induce germina t ion . I t is, however , a much m o r e f requent case 
t h a t on t h e cu l tu re med ium where the embryogenesis has been induced ger-
minat ion s t a r t s as well. I f eve ry th ing t u r n s ou t well b o t h root and s h o o t 
format ion are normal , in th i s case p lant le ts possessing shoots and roots will 
develop on t h e cul ture m e d i u m (Figs 9, 13—15). But in o t h e r cases e i t h e r 
j u s t the root or j u s t the shoot develops (Figs 9, 16—17 a n d 21—22). In s u c h 
cases the developing embryos have to be p laced on a new cul ture m e d i u m 
where the g rowth inhibi t ion of t h e opposite pole will be re leased. The Difco-
Orchid cu l tu re medium or t h e simple K n o p solution are excel lent ly su i t ab l e 
for this purpose . On these cu l tu re media t h e opposi te poles begin to deve lop 
whereby p l a n t s possessing roots and shoots will be obta ined (Figs 9, 18—20 
and 23—25). 
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Fig. 7. A p i c a l m e r i s t e m d i f f e r e n t i a t i o n f r o m c a l l u s ce l ls I I . A . D i f f e r e n t i a t i n g s h o o t a p e x a n d 
lea f p r i m o r d i u m (10 X ob j . , 4 X p r o j . ) : B . S h o o t a p i c e s d i f f e r e n t i a t i n g a r o u n d a t r a c h e i d c e n t r e 
(10 X o b j . , 2 ,5 X p r o j . ) ; C. S h o o t a p e x d i f f e r e n t i a t e d i n ca l lus t i ssue ( 2 X o b j . , 2,5 X p r o j . ) : D . 
R o o t ap ices d i f f e r e n t i a t i n g a r o u n d a t r a c h e i d c e n t r e (10 X o b j . , 2 ,5 X p r o j . ) . E . R o o t d i f f e r -
e n t i a t i o n f r o m cal lus t i s s u e ( 1 0 X o b j . , 4 x p r o j . ) 
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Fig. 8. R a i s i n g p l a n t s f r o m apices d i f f e r e n t i a t i n g o n c u l t u r e m e d i u m . A . N u m e r o u s s h o o t s 
d e v e l o p i n g f r o m t h e c a l l u s a f t e r t h e d i f f e r e n t i a t i o n o f t h e s h o o t a p e x ; B . R o o t r e g e n e r a t i o n 
o n c u l t u r e m e d i u m c o n t a i n i n g 1 p p m N A A ; C. R o o t r e g e n e r a t i o n i n K n o p s o l u t i o n : D . T o b a c c o 
p l a n t s r a i s e d f r o m ca l lus t i s s u e ( f r o m the l e f t t o t h e r i g h t : 2 n = 48 a n d 2 n = 36) 
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Fig. 9. P o s s i b l e w a y s o f m o r p h o g e n e s i s i n t h e c a l l u s t i ssue o f h i g h e r p l a n t s I . S o m a t i c e m b r y o -
genesis. 1. U n d i f f e r e n t i a t e d c a l l u s t i s s u e ; 2. C a l l u s ce l l s ; 3. Ca l l us c e l l h a v i n g b e c o m e e m b r y o -
n a l , 4 — 1 2 . A d v e n t i v e e m b r y o g e n e s i s ; 13. S h o o t a n d r o o t f o r m a t i o n o f e m b r y o ; 14. S h o o t a n d 
r o o t d e v e l o p m e n t f r o m c a l l u s ; 15. F u l l y d e v e l o p e d p l a n t ; 16. R o o t f o r m a t i o n o f e m b r y o ; 17. 
R o o t s d e v e l o p i n g f r o m c a l l u s ; 18 — 19 — 20. I n d u c t i o n o f shoo t d e v e l o p m e n t ; 21. S h o o t f o r m a -
t i o n o f e m b r y o ; 22. S h o o t s d e v e l o p i n g f r o m c a l l u s ; 23 — 24 — 25. I n d u c t i o n o f r o o t d e v e l o p m e n t 
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In F ig . 10 in the hap lo id callus t i s sue of the tobacco p l an t following t h e 
induction of morphogenesis a number of ca l lus cells s imul taneous ly d i f f e ren t i a t e 
in to one-celled tracheid cells by a net - l ike cell-wall t h i cken ing . A r o u n d t h e 
tracheid cells located in g roups t iny round cells with large nuclei d i f fe ren t ia te , 
which by r epea t ed cell divis ion produce t h e promer is tem (Figs 10, 1—4). 
During t h e cont inued organiza t ion of t h i s meristem e i the r a shoot or a roo t 
apical mer i s t em di f ferent ia tes in the cal lus (Figs 10, 5—7, and 11—13). T h e 
culture m e d i u m inducing a n d main ta in ing t h e apice d i f fe ren t ia t ion is genera l ly 
suitable for promot ing t h e fu r the r deve lopmen t of s h o o t apices a n d root 
apices, so e i the r mere shoo t s (Figs 10, 8) or mere roots (Figs 10,14) develop 
from the cal lus . If we are t o raise plants t h e opposite pole h a s to be r egene ra ted 
which is easier in the case of t h e root. T h e Difco-Orchid c u l t u r e medium or t h e 
Knop solu t ion are also su i t ab l e for this pu rpose (Figs. 10, 9—10), b u t shoot 
regenerat ion generally necess i ta tes exper imen ta t ion w i th new cul ture media 
(Figs 10, 10—15). 
Conclusions 
In h ighe r plants t i s sue culture morphogenesis has t w o forms: soma t i c 
embryogenesis and apical mer i s tem d i f fe ren t ia t ion (Figs 11). I t is i m p o r t a n t 
to know a b o u t this, since i t m a y happen in both cases t h a t f rom t h e callus 
either mere roo t s (Figs 9, 17, a n d 10, 14) o r mere shoots (Figs 9, 22, a n d 10, 8) 
develop, b u t t h e organs a re t h e results of perfect ly d i f fe ren t processes of dif-
fe rent ia t ion . 
Somat i c embryogenesis is the resul t of t h e organizat ion of a callus cell, 
f rom which we can conclude t h a t fully deve loped plants can only be r ep roduced 
f rom cell cu l tu res through t h e induction of somatic embryogenesis . 
Apical meris tem d i f fe ren t ia t ion is t h e result of t h e s imul taneous organi-
zation of n u m e r o u s callus cells, so this f o r m can only b e induced in t i ssues . 
T h a t is t h e reason why p l a n t s could be ra i sed from t h e cal lus tissue in m u c h 
more p lant species, than f r o m t h e cell cu l tu re s . 
Apex di f ferent ia t ion c a n be regarded as a simpler w a y of morphogenesis , 
it is easier t o induce t h a n somat ic embryogenesis in the cal lus tissue of mos t 
p lant species. T h a t is the r eason why t h o s e dealing wi th p l a n t tissue cu l tu res 
are more successful in p r o v i n g the t o t i p o t e n c y t han those occupied wi th a n i m a l 
and h u m a n t issue cul tures , where in t h e f u t u r e fully developed organ isms 
can only be reproduced b y inducing s o m a t i c embryogenesis . In each p l a n t 
species morphogenesis can b e induced in b o t h ways, only t h e proper c u l t u r e 
medium h a s t o be exper imenta l ly de te rmined in each case, and this is o f t e n a 
lengthy p rocedure . 
9* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
1 3 8 L. IIESZKY 
Fig. 10. Poss ib l e w a y s o f m o r p h o g e n e s i s i n t h e c a l l u s t i s sues o f h i g h e r p l a n t s I I . A p i c a l m e r i -
s t e m d i f f e r e n t i a t i o n . 1. U n d i f f e r e n t i a t e d ca l lus t i s s u e 2. C a l l u s cel ls ; 3. D i f f e r e n t i a t i o n o f c a l l u s 
cel ls i n t o t r a c h e i d ce l l s : 4. D i f f e r e n t i a t i o n o f m e r i s t e m ce l ls a r o u n d a t r a c h e i d cen t re ; 5 — 6 — 7 . 
D i f f e r e n t i a t i o n o f s h o o t a p e x ; 8. S h o o t s d e v e l o p i n g f r o m t h e ca l l us ; 9. I n d u c t i o n o f r o o t r e g e n e r -
a t i o n o n a n e w c u l t u r e m e d i u m ; 10. F u l l y d e v e l o p e d p l a n t ; 11 — 1 2 - 1 3 . D i f f e r e n t i a t i o n o f 
r o o t a p e x ; 14. R o o t s d e v e l o p i n g f r o m t h e ca l l us ; 15. I n d u c t i o n o f s h o o t r e g e n e r a t i o n o n n e w 
c u l t u r e m e d i u m 
Test ing in callus cu l tu re t h e biological ac t i v i t y and in ter re la t ion of v a r i o u s 
subtances a re m a n y cases conf ined to t h e appearence of t h e organs ( roo t s , 
shoots), or the i r number . Conclusions t h u s obta ined m a y be completed, or 
disproved b y t h e results of cytological inves t iga t ions on t h e processes of cell 
and tissue d i f ferent ia t ion t a k i n g place in t h e callus t issue a n d preceding t h e 
appearance of the organs, since often even in those cases when neither roo t 
nor shoot develops f rom t h e callus the induc t ion of morphogenesis can be 
observed, only t h e d i f fe ren t ia t ion stops or becomes confused a t a certain p o i n t . 
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U n d i f f e r e n t i a t e d callus cells 
A p e x d i f f e r e n t i a t i o n 
Shoot apex R o o t apex 
Shoot deve lopment R o o t deve lopment 
Shoot R o o t 
Shoo t I n d u c t i o n o f roo t I n d u c t i o n o f shoot 
r egene ra t i on r egene ra t i on 
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R o o t development Shoot deve lopment deve lopment 
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Fig. 11. Poss ib le w a y s o f r a i s i n g p l a n t s f r o m t h e c a l l u s t i ssues of h i g h e r p l a n t s 
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ZAGORSKA, N . A . — S A M I N A , Z . В . — B U T E N K O , R . G . — З а г о р с к а , H . A . — С а м и н а , 3 . Б . 
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VARIA 
R E D P E P P E R K A L O C S A I 
D e t e r m i n a t e 6 0 1 
Taxonomical place: Capsicum annuum L . c o n v a r . longum ( D C ) T e r p ó p r o v a r . rectum F i n g e r h . 
conc . kalocsaiense M y . s u b c o n c . erectum M y . (TERPÓ 1965) . 
Origin: a n e a r l y p r o g e n y o b t a i n e d f r o m K a l o c s a i 57 — 2 3 1 X Capsicum annuum L . " v a r . 
fasciculatum" b y s e l e c t i o n a n d b a c k - c r o s s i n g ( T u z A — HORVÁTH 1 9 7 3 ) . 
Breeders: F e r e n c M á r k u s a n d K á r o l y K a p e l l e r , K a l o c s a . 
State qualification: p r o v i s i o n a l l y c e r t i f i e d v a r i e t y , 1971. 
General characterization : a d e t e r m i n a t e , r o s e t t e - t y p e , h i g h p i g m e n t c o n t e n t , n o n - h o t r ed p e p p e r 
v a r i e t y w i t h e r e c t f r u i t s r i p e n i n g 10 — 14 days e a r l i e r t h a n t h e p a r e n t f o r m . 
Morphological description : 
Root system: m e d i u m s t r o n g , p e n e t r a t i n g t o 50 c m a t t h e m o s t . 
Shoot system: 30 — 35 c m h i g h , s i m p l y d e v e l o p e d a n d o f d e t e r m i n a t e g r o w t h h a b i t , 
w i t h a c y m o s e b r a n c h s y s t e m o f 3 — 4. 
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Stem: o n t h e 20 — 30 c m l o n g m a i n a x i s t h e i n t e r n o d e s a re 2 — 5 c m l o n g , o f y e l l o w i s h 
g r e e n c o l o u r ; s h o r t c y m o s e b r a n c h s y s t e m s a t t h e a p e x . 
Foliage: t h i n , w i t h l e a v e s m o s t l y d e v e l o p i n g be low t h e f r u i t s . T h e l e a f b l a d e s are 
b r o a d , l a n c e o l a t e , l e a t h e r y , o f d a r k y e l l o w i s h g r e e n c o l o u r w i t h l o n g pe t io les . 
A f t e r f l o w e r i n g n e w leaves n o l o n g e r deve lop . 
Flowers: T h e coro l la i s w h i t i s h y e l l o w ; t h e f l o w e r s b l o s s o m a t t h e same t i m e . 
Fruit: t h e erect , i n f l a t e d ber r ies are p l a c e d r o s e t t e - l i k e a l m o s t above t h e p l a n t . T h e 
b e r r i e s are o b l o n g c o n i c , s l i g h t l y b e n t , 8 — 12 c m l o n g e n d i n g i n a t i p . T h e su r face 
i s s m o o t h . T h e f r u i t w h e n u n r i p e i s d a r k green, t h e n b e c o m e s r e d , t u r n i n g i n t o 
d a r k r e d a t t h e s t a g e o f f u l l r i p e n i n g . I t does n o t t a s t e h o t . T h e d r y m a t t e r 
c o n t e n t o f t h e f r u i t is an a v e r a g e o f 1 8 . 3 per c e n t , t h e p i g m e n t c o n t e n t ( capsan -
t h i n ) is 5 . 3 g / k g ( T U Z A —HORVÁTH 1 9 7 3 ) . 
Seed: a l m o s t r o u n d , f l a t t e n e d , w i t h a p r o m i n e n t basa l p a r t ; d i a m e t e r i s 4 .5 — 5 m m ; 
c o l o u r l i g h t y e l l o w . T h e h i l u m f o r m s a sha l l ow b a y a n d reaches d o w n t o t h e 
b e a k - l i k e b a s a l p a r t . T h o u s a n d - s e e d - w e i g h t is 4 — 7 .2 g. 
Biological characters : 
Germination : W h e n s o w n o r p l a n t e d l a t e ( b e g i n n i n g o f J u n e ) t h e g e r m i n a b i l i t y m a y 
decrease b y 30 — 4 0 p e r cent . 
Vegetative period: s o w i n g a t t h e b e g i n n i n g o f A p r i l a n d t r a n s p l a n t a t i o n t o w a r d t h e e n d 
o f M a y ensure t h e m o s t f a v o u r a b l e d e v e l o p m e n t . 
Water requirement: m e d i u m ; t h e v a r i e t y i s t o l e r a n t t o d r i e r c o n d i t i o n s t o o ; i r r e g u l a r 
w a t e r s u p p l y a n d f l u c t u a t i n g t e m p e r a t u r e cause c r a c k s i n t h e b e r r i e s (TUZA — 
HORVÁTH 1 9 7 3 ) . 
Resistance to disease: r a t h e r r e s i s t a n t t o v i r a l s t e m d iseases, b u t f a i r l y s u s c e p t i b l e t o 
f r u i t diseases; m o u l d i n g d u r i n g s t o r a g e m a y e v e n b e 30 — 35 per c e n t . 
Farm technology requirements : 
Seeding: i f o p t i m u m d e v e l o p m e n t is t o b e a c h i e v e d t h e seeds are s o w n i n t o seed l i ng 
b e d s at t he b e g i n n i n g o f A p r i l ; i t s s h o r t v e g e t a t i o n p e r i o d m a k e s d i r e c t s o w i n g 
a l s o e f f i c i en t . 
Planting: 333 000 s e e d l i n g s per ha s p a c e d a t 6 0 x 1 5 c m i n a n a l t e r n a t i n g p a t t e r n , a t 
t h e e n d of M a y , b e g i n n i n g of J u n e . E a r l i e r p l a n t i n g r e s u l t s i n l o w e r y i e l d . Seed l i ngs 
p l a n t e d one b y o n e d e v e l o p m o r e f a v o u r a b l y . 
Soil requirement : I t y i e l d s b e t t e r on h e a v y so i l . 
Productivity: A v e r a g e y i e l d 104 q / h a ( f l u c t u a t i o n : 8 0 — 1 3 2 q / h a ) ; o n e a c h o c c a s i o n 
o n e - t h i r d o f t h e b e r r i e r s are h a r v e s t e d o f w h i c h n e a r l y 7 0 per c e n t a re h e a l t h y 
( T U Z A — H O R V Á T H 1 9 7 3 ) . 6 4 . 6 p e r c e n t o f t h e b e r r y i s f r u i t - w a l l ; t h e seeds r e p r e -
s e n t 19 .7 , t h e v e i n s 8 . 1 per c e n t o f t h e f r u i t ( t h e r e a re m o s t l y t w o v e i n s i n a 
f r u i t ) . T h e p e d u n c l e is 7 . 6 per c e n t o f t h e f r u i t y i e l d . 
Region of cultivation : m o s t e f f i c i e n t l y g r o w n i n t h e r e d p e p p e r d i s t r i c t o f K a l o c s a . 
P r e p a r e d a t t he D e p a r t m e n t o f B o t a n y , U n i v e r s i t y o f A g r a r i a n Sciences, D e b r e c e n . 
G Y . M Á N D Y 
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R E F E R E N C E S 
TERPÓ , A . ( 1 9 6 5 ) : K r i t i s c h e R e v i s i o n der w i l d w a c h s e n d e n A r t e n u n d de r k u l t i v i e r t e n S o r t e n 
d e r G a t t u n g Capsicum. I . Feddes R e p . , 7 2 , 1 5 6 — 1 9 1 . 
TUZA , S . — HORVÁTH , E . ( 1 9 7 3 ) : A f ű s z e r p a p r i k a f a j t a é r t é k - v i z s g á l a t á n a k l e g ú j a b b e r e d m é n y e i 
(Capsicum annuum L . v a r . longum D C . ) ( R e c e n t r e s u l t s o f r e d p e p p e r v a r i e t y t r i a l s 
(Capsicum annuum L . v a r . longum D C . ) ) . 1971. é v i O r s z á g o s F a j t a k í s é r l e t e k . O M F I . 
B u d a p e s t , 3 6 5 — 3 8 1 . 
I N S E C T I C I D A L S P R A Y I N G S C A U S I N G P O L L E N 
S T E R I L I T Y I N C H I N E S E C A B B A G E 
T h e d i s a d v a n t a g e s o f t h e e v e r - g r o w i n g use o f pes t i c i des a re n o w b e i n g i n c r e a s i n g l y 
r ea l i zed . S o m e o f t he l o n g - a n d s h o r t - t e r m h a z a r d s are t h e i n s e c t r e s i s t a n c e t o p e s t i c i d e s a n d 
t h e i r t o x i c e f f e c t s o n so i l m i c r o - o r g a n i s m s , c r o p p l a n t s , w i l d l i f e , d o m e s t i c a n i m a l s , p a r a s i t e s , 
p r e d a t o r s , p o l l i n a t o r s a n d e v e n o n m a n h i m s e l f (SIMMONDS 1 9 6 8 , B U S V I N E 1 9 6 8 , V A N D E VRIE 
1 9 6 7 , F E L T O N 1 9 6 9 , LAL 1 9 6 9 , 1 9 7 1 , GEIER et al. 1 9 6 7 ) . I n s e c t i c i d e s a n d f u n g i c i d e s a r e also 
r e p o r t e d t o a f f e c t t h e p o l l e n v i a b i l i t y o f d i f f e r e n t c r o p s (D H U R I A et al. 1 9 6 5 , B R A U N — S C H O N -
BECK 1 9 6 3 , E A T O N — C H E N 1 9 6 9 , GENTILE et al. 1 9 7 1 ) . T h e p r e s e n t c o n t r i b u t i o n r e p o r t s a b o u t 
p o l l e n s t e r i l i t y caused b y v a r i o u s i n s e c t i c i d a l s p r a y i n g s o n Ch inese c a b b a g e a t b l o o m i n g s tage . 
T h e i n s e c t i c i d e s u s e d w e r e : m e t h y l d e m e t o n (0 .025 per c e n t ) , d i m e t h o a t e (0 .03 p e r c e n t ) , 
p a r a t h i o n ( 0 . 0 2 5 per c e n t ) , e n d o s u l f a n (0 .05 p e r c e n t ) , t r i c h l o r p h o n (0 .1 per c e n t ) , t o x a p h e n e 
(0.06 p e r c e n t ) , l i n d a n e ( 0 . 0 4 p e r c e n t ) , D D T ( 0 . 1 p e r cen t ) , t h i o m e t o n (0 .035 p e r c e n t ) , ca r -
b a r y l ( 0 . 1 p e r c e n t ) , p h o s p h a m i d o n (0.03 pe r c e n t ) , d i c h l o r o v o s ( 0 . 0 5 pe r c e n t ) a n d i n a l a t h i o n 
(0.1 p e r c e n t ) . These were s p r a y e d o n a b r i g h t s u n n y d a y o n t h e w h o l e p l a n t o f Ch inese c a b b a g e , 
v a r i e t y " P e - t s a i " , w h e n i t f i r s t s t a r t e d f l o w e r i n g a t t h e r a t e o f 1000 l i t r e s pe r h e c t a r e . S i x 
hrs a n d 1, 7 , 14 , 21 d a y s a f t e r s p r a y i n g f l o w e r s f r o m p l a n t s u n d e r d i f f e r e n t t r e a t m e n t s i n c l u d -
i n g c o n t r o l ( w a t e r s p r a y e d ) w e r e c o l l e c t e d s e p a r a t e l y i n s m a l l b u t t e r p a p e r bags a n d b r o u g h t 
t o t h e l a b o r a t o r y . P o l l e n f r o m a l l t h e f l o w e r s u n d e r each t r e a t m e n t w e r e m i x e d t o g e t h e r a n d 
t h e i r s t e r i l i t y w a s d e t e r m i n e d b y t h e a c e t o c a r m i n e t e s t u n d e r a m i c r o s c o p e . U n s t a i n e d , s h r i v -
e l led a n d v a c u o l i z e d g r a i n s w e r e c o u n t e d as s t e r i l e . I n a l l 100 p o l l e n g r a i n s f o r e a c h t r e a t m e n t 
were c o u n t e d f r o m 10 d i f f e r e n t m i c r o s c o p i c f i e l d s o n a s l ide a n d t h e p e r c e n t a g e o f s t e r i l e 
g ra ins w a s c a l c u l a t e d . 
T h e d e g r e e o f p o l l e n s t e r i l i t y p r o d u c e d b y d i f f e r e n t i n s e c t i c i d e s is p r e s e n t e d i n T a b l e 1. 
I t is e v i d e n t f r o m t h e f i n d i n g s t h a t a l l t h e i n s e c t i c i d e s a f f e c t e d t h e p o l l e n v i a b i l i t y . A f t e r 6 h r s , 
o n l y d i m e t h o a t e , p a r a t h i o n , p h o s p h a m i d o n a n d m e t h y l d e m e t o n c a u s e d p o l l e n s t e r i l i t y r a n g -
i n g f r o m 2 0 t o 25 per c e n t . P r o b a b l y , t h e o t h e r i nsec t i c i des do n o t possess a q u i c k a c t i o n t o 
a f f e c t t h e p o l l e n v i a b i l i t y w i t h i n 6 hrs . A f t e r 2 4 h r s , d i m e t h o a t e , p a r a t h i o n , m e t h y l d e m e t o n 
a n d p h o s p h a m i d o n caused 5 8 , 51 , 50 a n d 40 p e r c e n t p o l l e n s t e r i l i t y , r e s p e c t i v e l y . L i n d a n e , 
i n a l a t h i o n a n d e n d o s u l f a n w e r e c o m p a r a t i v e l y less t o x i c . T h e o t h e r i n s e c t i c i d e s w e r e m e d i u m 
fo r t h e i r a c t i o n o n p o l l e n v i a b i l i t y . One w e e k a f t e r s p r a y i n g , o n l y D D T , d i m e t h o a t e , p a r a t h i o n , 
m e t h y l d e m e t o n a n d p h o s p h a m i d o n c o u l d c a u s e m o r e t h a n 20 p e r c e n t p o l l e n s t e r i l i t y . T h e 
p o l l e n v i a b i l i t y a f f e c t e d b y d i f f e r e n t i n s e c t i c i d e s a f t e r 14 d a y s r a n g e d b e t w e e n 8 t o 23 p e r c e n t 
a n d a f t e r 2 1 d a y s t h e r e w a s n o e f f e c t ( T a b l e 1) . T h u s , i t is c lear t h a t m o s t o f t h e i n s e c t i c i d e s 
a f f e c t t h e p o l l e n v i a b i l i t y o n l y f o r t h e f i r s t 4 — 5 d a y s , e x c e p t a f e w w h i c h m a y a f f e c t i t e v e n 
u p t o 12 o r 15 d a y s . 
H o w e v e r , t h e p o l l e n s t e r i l i t y p r o d u c e d b y t h e i nsec t i c i des c o u l d n o t be o f a n y p r a c t i c a l 
use b e c a u s e o n l y m o r e t h a n 9 0 p e r c e n t p o l l e n s t e r i l i t y m a y be p r a c t i c a l l y u t i l i z e d i n h y b r i d 
seed p r o d u c t i o n (CHOUDHURY — GEORGE 1 9 6 2 ) . CHOUDHURY — GEORGE ( 1 9 6 2 ) r e p o r t e d t h a t 
m a l e i c h y d r a z i d e a t 0 . 6 p e r c e n t , n a p h t h a l e n e a c e t i c a c i d a t 0 . 0 5 p e r c e n t , 2 . 4 — D a t 0 . 0 2 
i n d u c e d 9 0 t o 1 0 0 pe r c e n t s t e r i l i t y i n t w o b r i n j a l v a r i e t i e s f o r a p e r i o d o f o n e w e e k , 
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Tab le 1 
Effect of some field sprayed insecticides on the pollen sterility of Chinese cabbage 
Insec t i c ides 
Percentag e of pol len s ter i l i ty a f t e r 
6 h r s 1 day 7 d a y s 14 d a y s 21 d a y s 
L i n d a n e 7 22 2 0 10 2 
D D T 9 3 3 2 4 17 3 
D i m e t h o a t e 2 5 58 4 8 2 3 5 
M a l a t h i o n 5 2 3 1 4 11 3 
C a r b a r y l 1 0 35 1 4 12 1 
E n d o s u l f a n 8 21 1 8 12 4 
P a r a t h i o n 2 5 51 3 5 19 2 
M e t h y l d e m e t o n 2 0 50 2 6 17 3 
P h o s p h a m i d o n 2 0 40 3 5 17 4 
D i c h l o r o v o s 1 1 27 16 1 3 3 
T h i o m e t o n 1 5 3 0 1 5 12 8 
T r i c h l o r p h o n 1 2 25 17 1 3 5 
T o x o p h e n e 8 26 1 3 8 4 
C o n t r o l 5 4 6 4 5 
1 4 t o 2 8 d a y s a f t e r s p r a y i n g . B u t , t h e insec t i c ides u n d e r p r e s e n t i n v e s t i g a t i o n d i d n o t a f f e c t 
t h e po l l en v i a b i l i t y a f t e r 2 1 d a y s . H o w e v e r , t h e m o d e o f a c t i o n o f g r o w t h r e g u l a t o r s a n d 
i nsec t i c i des are q u i t e d i f f e r e n t w h i c h is p r o b a b l y r e s p o n s i b l e f o r t h e c o n t r a s t i n g resu l t s . P o s -
s i b l y , t he i n s e c t i c i d e s p r o d u c e a b n o r m a l ce l l e l o n g a t i o n i n t h e a n t h e r s d u e t o w h i c h a n u m b e r 
o f p o l l e n g r a i n s l ose t h e i r v i a b i l i t y . 
GENTILE et al. ( 1 9 7 1 ) s t u d i e d t h e e f fec t o f s o m e f o r m u l a t e d i n s e c t i c i d e s a t 1 0 0 p p m 
a c t u a l m a t e r i a l o n t h e g e r m i n a t i o n o f p e t u n i a a n d t o m a t o p o l l e n on a r t i f i c i a l m e d i a a n d f o u n d 
a b o u t 88 , 6 9 , 5 0 , 4 8 , 2 0 a n d 9 p e r c e n t i n h i b i t i o n b y t h e t o p i c a l a p p l i c a t i o n o f p a r a t h i o n , 
e n d o s u l f a n , d i c h l o r o v o s , D D T , c a r b a r y l a n d c o n t r o l , r e s p e c t i v e l y , a f t e r 1 5 h rs . T h e p o l l e n 
s t e r i l i t y p r o d u c e d b y d i f f e r e n t f i e l d s p r a y e d i n s e c t i c i d e s , u n d e r p r e s e n t i n v e s t i g a t i o n , w a s 
c o m p a r a t i v e l y m u c h less t h a n t h a t r e p o r t e d b y G E N T I L E et al. ( 1 9 7 1 ) , w h i c h t h e y f o u n d a f t e r 
t o p i c a l a p p l i c a t i o n o f i n s e c t i c i d e s o n t h e a r t i f i c a l m e d i a . T h i s is, p r o b a b l y , d u e t o t h e f a c t 
t h a t t h e m o r p h o l o g i c a l s t r u c t u r e o f t h e f l o r a l p a r t s m a y p r e v e n t a l a rge a m o u n t o f p e s t i c i d e s 
f r o m c o m i n g i n t o c o n t a c t w i t h t h e p o l l e n . M o r e o v e r , t h e y used h i g h e r c o n c e n t r a t i o n s , w h i c h 
m a y be a n o t h e r r e a s o n f o r h i g h e r p o l l e n s t e r i l i t y . G E N T I L E et al. ( 1 9 7 1 ) f o u n d e n d o s u l f a n m o r e 
t o x i c t h a n d i c h l o r o v o s b u t a f t e r f i e l d s p r a y i t was f o u n d t h a t e n d o s u l f a n w a s s o m e w h a t less 
t o x i c t o t h e p o l l e n g r a i n s t h a n d i c h l o r o v o s w h i c h is p r o b a b l y due t o t h e q u i c k d e g r a d a t i o n 
o f endosu l f an u n d e r f i e l d c o n d i t i o n s . 
The e f f e c t o f i nsec t i c i des i n case o f insects as r e p o r t e d b y SHARMA CHATTORAJ ( 1 9 6 4 ) 
causes a gene ra l s h r i n k a g e a n d v a c u o l i z a t i o n i n a l l t h e a f f e c t e d t issues. S ince m o s t o f t h e p l a n t s 
c a n t o l e ra te i n s e c t i c i d e s m o r e t h a n i n s e c t s , as at n o r m a l doses o n l y t h e i n s e c t s a re k i l l e d w i t h o u t 
p h y t o t o x i c e f f e c t s , i t is poss ib le t h a t o n l y t h e a n t h e r s w h i c h are v e r y d e l i c a t e p a r t s o f t h e p l a n t 
b e c o m e the p h y s i o l o g i c a l l y s e l e c t i v e s i t e f o r t h e a c t i o n o f t h e i nsec t i c i des , a n d d u e t o e x p u l s i o n 
o f w a t e r t h e y s h r i n k a n d t h e v i a b i l i t y o f t h e po l l en g r a i n s is l o s t . 
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I n case o f d i m e t h o a t e , one d a y a f t e r t r e a t m e n t t h e b u r s t i n g o f t h e p o l l e n g r a i n s w a s 
o b s e r v e d u n d e r a m i c r o s c o p e a n d m o s t o f t h e cells l o s t t h e i r p r o t o p l a s m . T h e s h e d d i n g o f t h e 
c y t o p l a s m a n d d i s a p p e a r a n c e o f c e l l c o n t o u r s due t o r o g o r p roves t h a t a m o n g s t a l l t h e i n -
sec t i c i des used i n t h i s e x p e r i m e n t r o g o r is t h e m o s t t o x i c f o r t h e p o l l e n g r a i n s o f Chinese c a b -
b a g e . T h o u g h r o g o r i s a c c e p t e d as a g o o d insec t i c ide b e c a u s e i t k i l l s m o s t o f t h e insec t p e s t s 
p a r a s i t e s , p r e d a t o r s a n d p o l l i n a t o r s , i t a lso causes p o l l e n s t e r i l i t y t o a c o n s i d e r a b l e e x t e n t w h i c h 
m a y b e q u i t e h a r m f u l f o r sel f a n d c r o s s p o l l i n a t e d c r o p s . H o w e v e r , m a l a t h i o n , l i n d a n e a n d 
e n d o s u l f a n are c o m p a r a t i v e l y less t o x i c t o t h e p o l l e n g r a i n s . 
* 
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W H A T C A N T H E " N E W M E T H O D F O R T H E R A P I D D E T E R M I N A T I O N 
O F A U X I N C O N T E N T S " B E U S E D F O R ? 
T h e a u x i n r o u t i n e t e s t m e t h o d b r i e f l y d e s c r i b e d i n A c t a A g r o n o m i c a (B R U N N E R — 
A N T O N I - G Á L 1971a) h a s b e e n r e m a r k e d o n b y SÁGI ( 1 9 7 2 ) . O n t h i s occas ion I t h i n k i t r i g h t t o 
s u m m a r i z e t h e v i e w s a n d a i m s I was l e d b y i n e l a b o r a t i n g t h i s t es t m e t h o d , a n d g i ve i n f o r m a -
t i o n a t t h e same t i m e o n t h e p o s s i b i l i t i e s o f a p p l i c a t i o n a n d t h e resu l ts a t t a i n e d so f a r . 
I h a d p r a c t i c a l c o n s i d e r a t i o n s i n t h e f i r s t p lace , so i t is q u i t e n a t u r a l t h a t t h i s r o u t i n e 
t e s t c a n n o t s a t i s f y t h e h i g h e s t b i o c h e m i c a l d e m a n d s , b u t i t i s a l l t he m o r e s u i t a b l e f o r i n t e r p r e t -
i n g p h y s i o l o g i c a l p h e n o m e n a a r i s i ng i n t h e course o f a g r o t e c h n i c a l research , s o l v i n g p r e s e l e c t i o n 
p r o b l e m s a n d — i n g e n e r a l — fo r d i s c l o s i n g n u m e r o u s c a u s a l r e l a t i ons . 
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B e s i d e s i t s s i m p l i c i t y a n d r a p i d i t y t h e m e t h o d has the a d v a n t a g e o f e l i m i n a t i n g a n u m -
be r o f s t e p s i n v o l v e d i n o b t a i n i n g a u x i n b y d i f f u s i o n o f e x t r a c t i o n , a n d p r e v e n t i n g a t t h e same 
t i m e a p o s s i b l e r e l a t e d d e n a t u r a l i z a t i o n a n d o t h e r de fec ts . T h e use i n b i o l o g i c a l t e s t s o f a u x i n 
o b t a i n e d f r o m a p l a n t m a t e r i a l h a s a n o t h e r e l e m e n t o f u n r e l i a b i l i t y t o o , n a m e l y t h a t i t has t o 
i n d u c e t h e g r o w t h response f r o m w h i c h we c a n c o n c l u d e o n i t s q u a n t i t y i n a d i f f e r e n t t y p e 
p r o t e i n . O n t h e o t h e r h a n d , e r r o r s n a t u r a l l y f o l l o w i n g f r o m t h e c h a r a c t e r o f t h e r o u t i n e tes t 
are g e n e r a l l y c o m p e n s a t e d b y t h e f a c t t h a t i n t h e a u x i n d e t e r m i n a t i o n o f t w o o r m o r e s a m p l e s 
these e r r o r s a p p e a r p a r a l l e l a n d so the c o m p a r a t i v e q u a n t i t i e s r e f l e c t r e a l i s t i c d i f f e r e n c e s 
( B R U N N E R — A N T O N I 1970). T h i s s t a t e m e n t is s u p p o r t e d b y t h e f o l l o w i n g resu l t s : 
1. W i t h a v i e w t o e l a b o r a t i n g t h e p r e s e l e c t i o n m e t h o d o f f r u i t - t r e e s tocks w e e x a m i n e d 
one -yea r o l d c h e r r y (Cerasus avium) a n d s o u r c h e r r y (Cerasus vulgaris) seed l ings as w e l l as 
w i l d a p r i c o t (Armeniaca vulgaris) a n d m y r o b a l a n (Prunus cerasifera c o n v a r . myrobalana) 
seed l ings. I n a g r e e m e n t w i t h e x p e r i e n c e s g a i n e d i n p r a c t i c e t h e i n v e s t i g a t i o n s s h o w e d g r o w t h 
v i g o u r d i f f e r e n c e s i n these spec ies e v e n at t h i s e a r l y stage o f d e v e l o p m e n t , t h a t i s , i n a u x i n 
c o n t e n t s i m p l y exp ressed i n e x t i n c t i o n sour c h e r r y w a s exceeded b y c h e r r y a n d w i l d a p r i c o t 
b y m y r o b a l a n ( B R U N N E R — ANTONI -GÁL 1 9 7 1 b , С). 
2. H o w e v e r , i t was n o t o n l y a t t h e j u v e n i l e b u t also a t t h e g e n e r a t i v e s t a g e o f t u e 
m a t e r i a l t h a t r e a l d i f f e r e n c e s o f a u x i n c o n t e n t s as expressed i n e x t i n c t i o n w e r e o b t a i n e d . 
W h e n e x a m i n i n g shoo ts o f t r u e - b r e d v a r i e t i e s a t t h e same p h e n o p h a s e we f o u n d t h a t i n a c c o r d -
ance w i t h t h e p o m o l o g i c a l d e s c r i p t i o n s (BRÓZIK — REGIUS 1957) i n N y á r i K á l m á n q u a l i f i e d 
as o f i n t e n s i v e g r o w t h h a b i t , t h e m e d i u m s t r o n g H a r d e n p o n t a n d t h e r e l a t i v e l y w e a k Bosc 
pea r v a r i e t i e s t h e a u x i n c o n t e n t s o f l i g n i f i e d s h o o t s c o r r e s p o n d e d t o t h e m e n t i o n e d q u a l i f i c a -
t i o n s . T h e s a m e h e l d t r u e o f t h e a u x i n c o n t e n t o f s h o o t f o r m a t i o n s b e i n g h igher i n t h e v i g o r o u s 
app le v a r i e t y S t a r k i n g t h a n i n t h e less v i g o r o u s J o n a t h a n ( B R U N N E R — A N T O N I - G Ä L 1971h) . 
3. T r u e c o r r e l a t i o n s w e r e a lso s h o w e d b e t w e e n t h e a c t i v i t y o f t h e s tem t h i c k e n i n g c a m -
b i u m i n a p r i c o t , c h e r r y a n d s o u r c h e r r y shoo ts o n t h e one h a n d , a n d a u x i n c o n t e n t d e t e r m i n e d 
b y t h e r o u t i n e t e s t , o n t h e o t h e r . S h o o t f o r m a t i o n s o f a p r i c o t w e r e t i e d d o w n a t t h e s t age o f 
s h o o t a n d c a n e , r e s p e c t i v e l y . A s a r e s u l t o f t y i n g d o w n canes t h e d i a m e t e r o f t h e c a n e dec reased 
b y 28 p e r c e n t c o m p a r e d t o t h e u p r i g h t c o n t r o l , a n d b y t h e e n d o f A u g u s t i t s a u x i n c o n t e n t 
w a s 14 p e r c e n t l o w e r t o o ( B R U N N E R 1972a) . A n e v e n closer c o r r e l a t i o n b e t w e e n t h e a c t i v i t y 
o f t h e c a m b i u m a n d t h e e x t i n c t i o n v a l u e o f t h e a u x i n c o n t e n t d e t e r m i n e d b y t h e r o u t i n e tes t 
was d i s c l o s e d b y a ser ia l i n v e s t i g a t i o n w h e n u p r i g h t shoots o f t h e i n d e t e r m i n a t e G e r i n e r s d o r f i 
c h e r r y a n d P á n d y sour c h e r r y v a r i e t i e s were s t u d i e d o n 14 occas ions t h r o u g h o u t t h e v e g e t a t i o n 
p e r i o d , a n d a t t h e e n d o f t h e g r o w t h season t h e r e s u l t s were c o m p a r e d w i t h t h e d i a m e t e r s 
o f s i m i l a r c h e r r y a n d sour c h e r r y shoots l e f t o n t h e t rees. W h e n a v e r a g i n g t h e a u x i n levels 
o b t a i n e d o n t h e 14 occas ions w e f o u n d t h a t t h e a u x i n c o n t e n t w a s 17 per cent h i g h e r a t t h e 
base, a n d 38 p e r c e n t a t t h e a p e x i n t h e G e r m e r s d o r f i shoots t h a n i n t h e c o r r e s p o n d i n g p a r t s 
o f t h e P á n d y s h o o t s t h r o u g h o u t t h e who le v e g e t a t i o n p e r i o d . T h i s a v e r a g e a u x i n l e v e l d i f f e r e n c e 
s h o w n a t t h e a p e x w a s e x c e l l e n t l y r e f l e c t e d i n t h e shoo t d i a m e t e r s m e a s u r e d t o w a r d t h e e n d 
o f S e p t e m b e r ( o n shoots l e f t o n t h e t rees) , n a m e l y , t h e shoo t d i a m e t e r o f t h e G e r m e r s d o r f i 
c h e r r y v a r i e t y exceeded t h a t o f t h e P á n d y s o u r c h e r r y v a r i e t y b y 45 p e r cent . T h i s p r o v e s t h a t 
t h e r e l a t i v e p e r c e n t a g e d i f f e r e n c e o f a u x i n l e v e l s d e t e r m i n e d b y t h e r o u t i n e tes t o n l y d e v i a t e d 
f r o m t h e r e l a t i v e p e r c e n t a g e d i f f e r e n c e o f t h e s h o o t d i a m e t e r s m e a s u r e d at t h e e n d o f t h e vege-
t a t i o n p e r i o d b y 7 per c e n t . I n a d d i t i o n , t h e a v e r a g e shoo t l e n g t h m e a s u r e d a t t h e e n d o f t he 
g r o w t h season w a s n e a r l y i d e n t i c a l i n t h e t w o m a t e r i a l s (B R U N N E R 1972b) . 
4 . S e r i a l a u x i n r o u t i n e t e s t s p e r f o r m e d d u r i n g t h e v e g e t a t i o n p e r i o d w i t h p e a c h shoo ts 
t r e a t e d w i t h g i b b e r e l l i n i n s p r i n g s h o w e d t h a t u n d e r t h e i n f l u e n c e o f g i b b e r e l l i n t h e a u x i n 
c o n t e n t i n S e p t e m b e r was 21 p e r c e n t h i g h e r , a n d a t t h e same t i m e t h e f i n a l l e n g t h o f t h e shoo t 
was 18 p e r c e n t g rea te r c o m p a r e d t o t h e u n t r e a t e d c o n t r o l . I n J u l y a n d A u g u s t , o n t h e o t h e r 
h a n d , w h e n t h e g r o w t h o f t h e t r e a t e d shoots w a s 16 — 22 pe r c e n t f a s t e r t h a n t h a t o f t h e u n t r e a t e d 
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c o n t r o l , t h e a u x i n l e v e l was t e m p o r a r i l y 2 4 — 3 2 p e r c e n t l owe r i n t h e f o r m e r g r o u p p r o b a b l y 
due t o a n i n c r e a s e d a u x i n u t i l i z a t i o n i n v o l v e d i n t h e a c c e l e r a t i o n o f g r o w t h (LŐCSEI — B A L Á Z S — 
BRUNNER — DVORSCHÁK 1 9 7 3 ) . 
5. I n t h e a u x i n c o n t e n t o f seeds f r o m w i l d a p r i c o t (Armeniaca vulgaris) a n d m y r o b a l a n 
(Prunus cerasifera c o n v a r . myrobalana) s t o r e d t o g e t h e r w i t h a p p l e f o r t h r e e weeks a t r o o m 
t e m p e r a t u r e a 2 2 — 2 3 pe r c e n t r e d u c t i o n was p o i n t e d o u t b y t h e r o u t i n e tes t . T h a t i s , t h e h o r -
m o n a l e f f e c t o f e t h y l e n e , as a gas s t i m u l a t i n g t h e d e c o m p o s i t i o n o f a u x i n was v e r y q u i c k l y 
a n d s i m p l y d e m o n s t r a b l e ( B R U N N E R — ANTONI -GÁL 1 9 7 3 ) . 
T h e a b o v e resu l t s a re e x c l u s i v e l y b a s e d o n a u x i n c o n t e n t s e x p r e s s e d i n e x t i n c t i o n . 
T h i s is t h e s i m p l e r s o l u t i o n , a n d i t i s n o t sure a t a l l t h a t we can o b t a i n a m o r e r e a l i s t i c p i c t u r e 
b y c a l c u l a t i n g t h e a c t u a l a u x i n c o n t e n t o n t h e b a s i s o f t he c a l i b r a t i o n cu rve . N a m e l y , I E S 
w h e n d i r e c t l y d i s s o l v e d i n G o r d o n - W e b e r q u a n t i t a t i v e l y does n o t d i s s o l v e p r o p o r t i o n a t e l y , 
so w e c a n o n l y w o r k i n d i r e c t l y : w i t h a c a l i b r a t i o n c u r v e m a d e o n t h e b a s i s o f v a r i o u s c o n c e n t r a -
t i o n s o f a l c o h o l i c I E S s o l u t i o n . 
I n s h o r t , t h e a u x i n r o u t i n e t e s t is s u i t a b l e f o r d e t e r m i n i n g t h e g r o w t h v i g o u r b o t h a t 
t h e j u v e n i l e a n d g e n e r a t i v e s t a g e d u r i n g t h e p r e - s e l e c t i o n w o r k o f b r e e d i n g , a n d a t t h e s a m e 
t i m e is ab l e t o r e f l e c t c e r t a i n c h a r a c t e r i s t i c c h a n g e s o f t he a u x i n t u r n o v e r o c c u r r i n g as a 
r e s u l t o f a g r o t e c h n i c a l i n t e r v e n t i o n s o r o t h e r t r e a t m e n t s a n d a c t i o n s . F o r t h i s v e r y r e a s o n t h e 
a u x i n r o u t i n e t e s t c a n — i n m y o p i n i o n — be a p p l i e d i n m a n y f i e l d s w h e r e r a p i d a n d d e t a i l e d 
i n f o r m a t i o n is r e q u i r e d c o n c e r n i n g t h e w h o l e o r c e r t a i n p a r t s o f t h e p l a n t , f o r e x a m p l e w h e n 
d e v e l o p i n g a n d e v a l u a t i n g n e w v a r i e t i e s or r o o t - s t o c k s , or e l a b o r a t i n g new a g r o t e c h n i c a l 
m e t h o d s . 
F i n a l l y , I g i v e here a s h o r t d e s c r i p t i o n o f t h e a u x i n r o u t i n e t e s t : 
a ) A n a d e q u a t e q u a n t i t y (e . g . , 1 — 2 g ) o f t h e m a t e r i a l c u t u p t o pieces o f 2 — 3 m m 
size is e x t r a c t e d w i t h 10 m l 3 5 p e r c e n t P e r c h l o r a t e , a n d t h e same q u a n t i t y w i t h 10 m l G o r d o n -
W e b e r r e a g e n t o v e r one h o u r a t r o o m t e m p e r a t u r e , w h i l e s t i r r e d f r o m t i m e t o t i m e . 
b ) B o t h s o l u t i o n s are f i l t e r e d , a n d 5 m l o f e a c h m e a s u r e d i n t o c u v e t t e s f o r p h o t o m e t r i c 
p u r p o s e s . T h e P e r c h l o r a t e s o l u t i o n is zeroed t o 35 p e r cen t P e r c h l o r a t e , t he G o r d o n - W e b e r 
s o l u t i o n t o G o r d o n - W e b e r r e a g e n t . 
c ) E x t i n c t i o n is m e a s u r e d b y a n U V I F O T o r o t h e r p h o t o m e t e r a t t h e w a v e l e n g t h 
I A ( 5 1 0 n m ) . 
d ) T h e e x t i n c t i o n o f t h e P e r c h l o r a t e s o l u t i o n is s u b t r a c t e d f r o m t h e e x t i n c t i o n o f t h e 
G o r d o n - W e b e r s o l u t i o n . T h e d i f f e r e n c e o f t h e t w o w i l l g i v e t h e e x t i n c t i o n p r o d u c e d b y t h e 
G o r d o n - W e b e r r e a g e n t u n d e r t h e i n f l u e n c e o f t h e g i v e n a u x i n c o n t e n t . T h e e x t i n c t i o n o f t h e 
P e r c h l o r a t e s o l u t i o n s u b t r a c t e d f r o m t h e e x t i n c t i o n o f t h e G o r d o n - W e b e r s o l u t i o n e n s u r e s 
t h e e l i m i n a t i o n o f t h e e x t i n c t i o n o f n a t u r a l c o l o u r s u b s t a n c e s e x t r a c t e d t o g e t h e r w i t h t h e a u x i n , 
a n d t h u s t h e p r e c i s i t y o f t h e a n a l y s i s . 
* 
P r e p a r e d a t t h e H o r t i c u l t u r a l Resea rch I n s t i t u t e , B u d a p e s t . 
T . B R U N N E R 
R E F E R E N C E S 
BRÓZIK, S .— R E G I U S , J . ( 1 9 5 7 ) : A l m á s t e r m é s ű e k ( P o m i f e r o u s p l a n t s ) . M e z ő g a z d a s á g i K i a d ó , 
B u d a p e s t . 
B R U N N E R , T . ( 1 9 7 2 a ) : A le íve lés h a t á s m ó d j á n a k v i z s g á l a t a k a j s z i h a j t á s k é p l e t e k e n , k ü l ö n ö s 
t e k i n t e t t e l az i n t e n z í v g y ü m ö l c s t e r m e s z t é s r e ( S t u d y on t h e a c t i o n m e c h a n i s m o f t y i n g 
d o w n a p r i c o t shoo ts , w i t h s p e c i a l r e g a r d t o i n t e n s i v e f r u i t p r o d u c t i o n ) . K í s é r l e t ü g y i 
K ö z l e m é n y e k LXV/C, K e r t é s z e t , 3 — 1 2 . 
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BRUNNER, T . ( 1 9 7 2 b ) : " A m e t s z é s és lekö tözés és k é m i a i metszés l e h e t ő s é g é n e k v i z s g á l a t a " 
c í m ű a l t é m a 1972. év i j e l e n t é s e (1972. r e p o r t o n t h e s u b - t h e m e " S t u d y o n t h e p o s -
s i b i l i t y o f p r u n i n g , t y i n g d o w n a n d c h e m i c a l p r u n i n g " ) . K e r t é s z e t i K u t a t ó I n t é z e t 
( H o r t i c u l t u r a l Research I n s t i t u t e ) , B u d a p e s t . 
B R U N N E R , T . — A N T O N I - G Á L , Z S . ( 1 9 7 0 ) : L á g y - és f á s s z á r ú n ö v é n y e k a u x i n - r u t i n v i z s g á l a t a 
( A u x i n r o u t i n e tests o f a n n u a l , b i e n n a l a n d w o o d y p l a n t s ) . B o t a n i k a i K ö z l e m é n y e k , 
5 7 , 1 2 9 — 1 3 3 . 
B R U N N E R , T . — A N T O N I ZS. ( 1 9 7 1 a ) : A n e w m e t h o d f o r t h e r a p i d d e t e r m i n a t i o n o f a u x i n 
c o n t e n t s . A c t a A g r o n o m i c a A c a d . Sei. H u n g . , 2 0 , 398. 
BRUNNEH , T . ANTONI -GÁL , Z S . ( 1 9 7 1 B ) : G y ü m ö l c s f a j t á k és a l a n y o k a u x i n - r u t i n v i z s g á l a t a 
n ö v e k e d é s i e r é l y r e ( A u x i n r o u t i n e e x a m i n a t i o n o f f r u i t v a r i e t i e s a n d r o o t - s t o c k s f o r 
g r o w t h v i g o u r ) . K í s é r l e t ü g y i K ö z l e m é n y e k L X I V / C , K e r t é s z e t , 1 3 — 2 1 . 
BRUNNER, T . — A N T O N I - G Á L , Z S . ( 1 9 7 1 C ) : K í s é r l e t e k m a g o n c a l a n y o k e lőze tes s z e l e k c i ó j á r a 
a u x i n t a r t a l o m a l a p j á n ( E x p e r i m e n t s o n p r e - s e l e c t i n g s e e d l i n g s t o c k s on a n a u x i n 
c o n t e n t b a s i s ) . Szőlő- és G y ü m ö l c s t e r m e s z t é s , 1 — 3 , 12—21 . 
BRUNNER, T . — A N T O N I - G Á L , Z S . ( 1 9 7 3 ) : E l ő s z e l e k c i ó s lehetőségek t a n u l m á n y o z á s a a l a n y -
m a g v a k a u x i n r u t i n v i z s g á l a t a a l a p j á n ( S t u d y o n t h e p o s s i b i l i t y o f p re -se lec t ion o n t h e 
g r o u n d o f a u x i n r o u t i n e t e s t s p e r f o r m e d w i t h r o o t - s t o c k seeds ) . K í s é r l e t ü g y i K ö z l e -
m é n y e k , LXVI/C, K e r t é s z e t , 3 — 9. 
LŐCSEI , M . BALÁZS , E . — B R U N N E R , T .— D V O R S C H Á K , E . (1973) : G i b b e r e l l i n k e z e l é s h a t á s a 
ő s z i b a r a c k h a j t á s k é p l e t e k e g y e s m o r f i l óg i a i , f i z i o l ó g i a i és b i o k é m i a i j e l l e m z ő i r e ( E f f e c t 
o f g i b b e r e l l i n t r e a t m e n t o n s o m e m o r p h o l o g i c a l , p h y s i o l o g i c a l a n d b i o c h e m i c a l c h a r -
acters o f p e a c h shoots) . K í s é r l e t ü g y i K ö z l e m é n y e k , LXVI/C, K e r t é s z e t , 85 — 103. 
S Á G I , F . ( 1 9 7 2 ) : I s t h e B r u n n e r - A n t o n i m e t h o d s u i t a b l e f o r t he d e t e r m i n a t i o n o f t h e a u x i n 
c o n t e n t i n p l a n t t issues? A c t a A g r o n o m i c a A c a d . Sei. H u n g . , 2 1 , 3 8 4 — 3 8 5 . 
W O O D A N A T O M Y - X Y L O T O M Y 
Importance of uood as raw material. I n t h e w o r l d o f t o - d a y , b e s i d e s o i l , coa l , n a t u r a l 
g a s , w a t e r , e t c . , w o o d is also one o f o u r m o s t i m p o r t a n t r a w m a t e r i a l s t h a t c a n n o t be d i s p e n s e d 
w i t h e i the r i n m a n u f a c t u r i n g b u i l d i n g s , f u r n i t u r e , m a t c h e s , w o o d - f i b r e , ce l lu lose, a r t i f i c i a l 
s i l k or i n t o o l - e n g i n e e r i n g , p a p e r - m a k i n g or even, w e c o u l d a l m o s t s a y , i n f i n e a r t . W e s h o u l d 
j u s t t h i n k o f t h e d i f f e r e n t m u s i c a l i n s t r u m e n t s m a d e o f w o o d , w o o d e n f a n c y a r t i c l es , w o o d 
s c u l p t u r e or t h e w o r l d - f a m e d p i c t u r e s p a i n t e d b y d i s t i n g u i s h e d a r t i s t s u p o n w o o d . e t c . A p a r t 
f r o m a l l these, t h e a rchaeo log i s t s t o o , o f t e n f i n d d u r i n g t h e i r e x c a v a t i o n s p r e h i s t o r i c r e m a i n s 
o f w o o d , e. g. h e a r t h s , too ls , d o m e s t i c u tens i l s o f t h e p r i m i t i v e m a n , c o f f i n s , bar re ls , b u i l d i n g 
a n d f u r n i t u r e r e m a i n s , etc. , t h e i d e n t i f i c a t i o n o f w h i c h i s f i r s t o f a l l t h e t a s k o f b o t a n i s t s w h o 
k n o w the s t r u c t u r e o f t he d i f f e r e n t w o o d s . T h e n f r o m t h e i d e n t i f i c a t i o n o f w o o d r e m a i n s t h e 
h i s t o r i a n o f c i v i l i z a t i o n can d r a w v a l u a b l e conc lus ions . 
A r a t h e r e x a c t k n o w l e d g e o f p r e h i s t o r i c w o o d s has a v e r y h i g h sc ien t i f i c v a l u e i n 
a n o t h e r d i r e c t i o n , as we l l . O f l a t e , a g r e a t e r a n d g r e a t e r n u m b e r o f t h e r e m a i n s o f t rees t h a t 
h a d l i v e d i n a b y g o n e pe r i od h a v e b e e n e x c a v a t e d f r o m t h e d e p t h o f t h e E a r t h , f r o m m i n e s . 
T h e y are s o m e t i m e s o n l y sma l l , f i n e w o o d shreds, a t o t h e r t i m e s , h o w e v e r , t h e y are l a r g e r o r 
s m a l l e r b r a n c h p i eces o f f o r m e r t e r r e s t r i a l p l a n t s a n d l a t e r o n t h e y c a n g e t as t r e e - t r u n k s o f 
f oss i l i zed w o o d s o r t h e i r pieces u n d e r t h e p i ckaxes o f m i n e r s . T h e d i f f e r e n t b ranches o f s c i e n c e , 
f i r s t o f a l l p a l a e o n t o l o g y , p h y l o g e n y , s y s t e m a t i c s , p h y t o g e o g r a p h y , c l i m a t o l o g y , g e o l o g y , a n d 
e v e n p e t r o g r a p h y w a n t t o k n o w u n d e r w h i c h c o n d i t i o n s these a n c i e n t l a n d - p l a n t s a n d w o o d s 
m a y have l i v e d m a n y h u n d r e d s o f t h o u s a n d s or m i l l i o n s o f years ago a n d o w i n g to w h a t p o s -
s i b l e c a t a s t r o p h e s ( fo res t - f i r es , v o l c a n i c e r u p t i o n s , e t c . ) t h e y m a y h a v e g o t poss ib l y s e v e r a l 
h u n d r e d m e t r e s d e e p i n t o the d e p t h o f t h e E a r t h . A s these f o r m e r t e r r e s t r i a l p l a n t s , i n t h e i r 
i n d i v i d u a l l i f e , h a d some p a r t i c u l a r o r g a n i z a t i o n a n d s t r u c t u r e p r e s e r v i n g t h e m i n t h e d e p t h 
o f t h e E a r t h , t o o , d u r i n g t h e m i l l i o n s o f years, i n t h i s w a y t h e d i f f e r e n t b ranches o f sc i ence 
c a n asce r ta in f a r - r e a c h i n g s c i e n t i f i c a n d p r a c t i c a l r e l a t i o n s f r o m t h e i d e n t i f i c a t i o n s o f t h e s e 
foss i l i zed w o o d re l i c s . 
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A n d t h e r e s u l t s o f w o o d i n v e s t i g a t i o n s are a v a i l a b l e n o t o n l y f o r t h e h i s t o r i a n o f c i v i l i -
z a t i o n , t h e p a l a e o n t o l o g i s t b u t also f o r t h e f o res te r , c r a f t s m a n , t e c h n i c i a n , a n d e v e n o f t e n f o r 
t h e l e g a l c o u r t s , t o o ( w e s h o u l d r e m e m b e r t h e k i d n a p p e d L i n d b e r g - b a b y ) . 
W o o d is v e r y i m p o r t a n t as f u e l , as w e l l . I n w i n t e r , as w e k i n d l e a f i r e i n o u r s t o v e w i t h 
f i r - w o o d s t i cks a n d t h e n p u t o n t h e e m b e r s logs o f h o r n b e a m , o a k o r b e e c h w o o d , n o t one o f us 
t h i n k s h o w m a n y a n d i n t e r e s t i n g t h i n g s w e c o n s u m e b y f i r e b y b u r n i n g a s m a l l f i r e l o g l i k e those . 
I f , a n y w a y , we h a d X - r a y eyes m a g n i f y i n g i n these cases a t l eas t one h u n d r e d t i m e s a n d c o u l d 
o b s e r v e t h e ends o r s ides o f t h e X - r a y e d w o o d logs, w e c o u l d n o t i c e i n s i d e t h e w o o d g r e a t , 
i n t e r e s t i n g , n a t u r a l a n d a r t i s t i c b e a u t y . A s t h e i ns ide o f w o o d is n o t v i s i b l e t o t h e n a k e d eye , 
w e h a v e t o ask f o r t h e h e l p o f science t o g e t a n ins ide v i e w o f t h e l i f e a n d b e a u t y o f t rees. F i r s t , 
h o w e v e r , we h a v e t o i n t e r r o g a t e b o t h t r e e s a n d woods . T o be sure , b o t h t r e e s a n d w o o d s are 
d u m b b u t t h e y s p e a k l o u d l y t o t hose w h o h a v e l e a r n e d t h e i r l a n g u a g e . 
Wood anatomy — wood histology — xylotomy. T h i s l a n g u a g e is t o b e d e c i p h e r e d b y 
t h e s e v e r a l k i n d s o f i n s t i t u t e s f o r f o r e s t r y a n d w o o d r e s e a r c h e s t a b l i s h e d i n t h e v a r i o u s c o u n -
t r i e s f o r e x p l o i t i n g w o o d as e c o n o m i c a l l y as poss ib le . N a m e l y some c o u n t r i e s o b t a i n a g r e a t 
p a r t o f t h e i r n a t i o n a l i n c o m e j u s t f r o m w o o d as r a w m a t e r i a l . H e r e w e s h o u l d t h i n k , e. g . , 
o f t h e h i g h l y d e v e l o p e d w o o d i n d u s t r y o f C a n a d a o r F i n n l a n d . T h i s m u l t i l a t e r a l i n t e r e s t i n 
t h e r a w m a t e r i a l o f w o o d has g r a d u a l l y d e v e l o p e d seve ra l p a r t i c u l a r b r a n c h e s o f sc ience d e a l i n g 
w i t h w o o d as, f o r i n s t a n c e , f o r e s t r y , w o o d p a t h o l o g y or x y l o t o m y . I t s g r e a t i m p o r t a n c e is s h o w n 
b y t h e f a c t t h a t t o - d a y t h e s c i e n t i f i c i n v e s t i g a t i o n o f w o o d s a l r e a d y has a g r e a t i n t e r n a t i o n a l 
o r g a n i z a t i o n , as w e l l . T h i s pu rpose is s e r v e d b y t h e I n t e r n a t i o n a l A s s o c i a t i o n o f W o o d A n a t o -
m i s t s , h a v i n g m e e t i n g s i n e v e r y f i f t h y e a r as a s u b - d e p a r t m e n t o f t h e I n t e r n a t i o n a l B o t a n i c a l 
Congresses i n t h e v a r i o u s c o u n t r i e s w h e r e t h e w o o d - s c i e n t i s t s o f t h e w o r l d g i v e i n f o r m a t i o n 
a b o u t t h e m o s t r e c e n t r e s u l t s o f t h e i r w o o d i n v e s t i g a t i o n s . T h e n u m b e r o f i t s m e m b e r s is cca 200. 
T h e a u t h o r is a lso a m e m b e r o f t h i s i n t e r n a t i o n a l a s s o c i a t i o n . T h e i r c e n t r a l p e r i o d i c a l is: 
B u l l e t i n : I n t e r n a t i o n a l A s s o c i a t i o n o f W o o d A n a t o m i s t s ( I A W A ) . S t a t e U n i v e r s i t y o f N e w 
Y o r k . 
T h e science d e a l i n g w i t h t h e i n n e r f i n e r s t r u c t u r e o f w o o d s is ca l l ed w o o d a n a t o m y , w o o d 
h i s t o l o g y or x y l o t o m y . I t is e x t r e m e l y i n t e r e s t i n g t h a t e v e r y k i n d o f w o o d c o n t a i n s c o m p o -
n e n t s , cel ls t h a t are c h a r a c t e r i s t i c o f t h e w o o d i n q u e s t i o n . I n t h i s w a y , w e c a n i d e n t i f y t h e 
s o r t o f w o o d e v e n f r o m a t i n y p iece o f i t , e. g . , f r o m a t o o t h p i c k m a d e o f t h a t w o o d . 
W i t h t h e h e l p o f sc ience, a t a n y r a t e , we c a n a lso i n v e s t i g a t e t h e s t r u c t u r e o f t rees 
t h a t h a d l i v e d m a n y h u n d r e d s o f t h o u s a n d s o r m i l l i o n s o f y e a r s ago a n d e v e n t h a t o f coa ls . 
W i t h t h e he lp o f a m i c r o s c o p e a n d k n o w i n g t h e s t r u c t u r e o f w o o d we c a n say f o r w h a t p u r p o s e 
s o m e w o o d m a y be u s e d t h e m o s t p r o p e r l y a n d s u i t a b l y . ( W e s h o u l d t h i n k o f t h e m a t e r i a l o f 
t h e r e n o w n e d S t r a d i v a r i u s v i o l i n s . ) 
The method of xylotomy. Preliminary study. X y l o t o m y as e v e r y o t h e r b r a n c h o f sc ience 
h a s i t s o w n m e t h o d a n d l a n g u a g e . T h e r e f o r e , a r a t h e r e x a c t k n o w l e d g e a n d i d e n t i f i c a t i o n o n a 
h i s t o l o g i c a l basis o f a n y t r e e - s t e m o r p i e c e o f b r a n c h , e i t h e r t h e t r u n k o f a t r e e o r t h a t o f a 
f o s s i l w o o d , can be p e r f o r m e d w i t h success o n l y i f s o m e b o d y i s w e l l a w a r e o f t h e c o m p o n e n t s o f 
s t r u c t u r e o f t h e v a r i o u s t rees l i v i n g e v e n t o - d a y , o f t h e i r a r r a n g e m e n t s i n space , o f t h e m o s t 
i m p o r t a n t e l e m e n t s , t e c h n i c a l t e r m s , a n d i f he k n o w s t h a t t h e c h a r a c t e r i s t i c o f a n y l i v i n g o r 
p e r i s h e d t ree species i s d e t e r m i n e d f i r s t o f a l l b y t h e s h a p e , s ize, a n d s p a t i a l a r r a n g e m e n t o f 
t h e i r c o m p o n e n t s . A n y a r r a n g e m e n t o f t h e c o m p o n e n t s o f w o o d is a l w a y s a n d i n e v e r y w o o d 
b o d y c h a r a c t e r i s t i c a n d spec i f i c , shows a n a l m o s t a r t i s t i c d e s i g n t h a t c a n s o m e t i m e s be o b s e r v e d 
e v e n w i t h t h e n a k e d e y e , p o s s i b l y w i t h a h a n d m a g n i f y i n g g lass. 
A c o l l e c t i o n o f exp ress ions u s e d i n w o o d a n a t o m y h a s b e e n p u b l i s h e d b y t h e I n t e r n a -
t i o n a l A s s o c i a t i o n o f W o o d A n a t o m i s t s i n a separa te b o o k : " M u l t i l i n g u a l G l o s s a r y o f T e r m s 
U s e d i n W o o d A n a t o m y " , i n E n g l i s h , F r e n c h , G e r m a n , I t a l i a n , P o r t u g u e s e , S p a n i s h a n d 
C r o a t e - S e r b i a n l a n g u a g e s . T h e same a i m is f o l l o w e d b y P . Greguss 's w o r k : „ E i n f ü h r u n g i n 
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die P a l ä o x y l o t o m i e " i n w h i c h the n o m e n c l a t u r e is i l l us t ra ted w i t h suggest ive p i c tu res , as well . 
Cuttings, slides, polished samples. A n i nves t i ga t i on o f t he inner and f i ne r s t ruc tu re of 
woods is, however , o n l y possible b y the means o f a microscope a n d t h i n cu t t i ngs , resp. pol ished 
samples made of the woods concerned. T h e cu t t i ngs made o f trees or po l ished samples, slides 
m a d e o f fossi l woods r e v e a l under the mic roscope the f u l l t issue s t ruc tu re o f woods, i n th is 
w a y even the f inest de ta i l s charac ter is t i c o f the species o f t he one - t ime tree. I f , there fo re , we 
w a n t t o k n o w the i nne r s t r uc tu re o f a l i v i n g tree or of a fossi l w o o d piece, e. g., o f a l ign i te , 
t h e n t h e ve r y f i r s t step t o t h a t is to p repa re cu t t i ngs , resp. sl ides, t h i n l i ke a newspaper , of 
t he l i v i n g tree or the foss i l ized wood piece, i n three d i rec t ions as compared w i t h t h e tree axis. 
One o f t h e m , the so-cal led cross sect ion, po l i shed sample, is pe rpend icu la r t o the l o n g i t u d i n a l 
t ree ax i s ( i n the Plates m a r k e d w i t h С — С = cross sect ion), ano the r t h a t goes t h r o u g h the 
ax is a n d the d iameter , resp. tree ray is t h e r a d i a l sect ion, resp. po l i shed sample ( i n t he Plates 
m a r k e d w i t h R — R r a d i a l sect ion), a n d a t h i r d one made pa ra l l e l w i t h t he ax is b u t i n a 
t a n g e n t i a l d i rec t ion. ( I n t he Plates m a r k e d w i t h T — T = t a n g e n t i a l sect ion.) F o r i d e n t i f y i n g 
a l i v i n g t ree or fossi l w o o d i t is no t enough t o have on ly one or t w o k inds of c u t t i n g s or slides 
because on the basis o f a single p i c tu re , e. g. , t h a t o f a cross sect ion, we can o n l y i d e n t i f y the 
t y p e w h i c h the tree i n q u e s t i o n belongs to (c f . Plates Y — V I ) . T o be sure, somet imes i t is enough 
t o h a v e a single po l ished sample or c u t t i n g fo r beg inn ing the f u r t h e r i nves t iga t ions i n the r i gh t 
d i r e c t i o n . 
Four archetypes of trees and fossil woods. The who le present surface o f our E a r t h , and 
t he t e r r es t r i a l areas o f anc ien t ages, as w e l l - a t least since t he Carboni ferous p e r i o d about 
t h r e e - h u n d r e d m i l l i o n years ago — has become — and is also t o - d a y — p o p u l a t e d on l y w i t h 
f o u r sor ts of tree t ypes . I n t h i s respect t h e o ldest gymnospermous trees c o n t a i n i n g seeds were 
t he Gymnospermae as t h e Cycads genera l ly l i v i n g i n the t rop ics , as we l l as t he Coniferae wide-
spread f i r s t of a l l i n t h e n o r t h e r n hemisphere . La te r on, i n t he Q u a t e r n a r y o f t h e E a r t h there 
appea red at the same t i m e the t w o m a i n t ypes of Angiospermae, the Monocotyledons, e. g., 
p a l m s , and Dicotyledons. E a c h of these f o u r t ypes has such a p a r t i c u l a r and d i f f e r e n t i n te r io r 
s t r u c t u r e , x y l o t o m y , t h a t t h e y can be eas i ly separated f r o m each o ther b o t h i n l i v e and i n 
fossi l f o r m s . The i n t e r n a l s t r uc tu re of these e x i s t i n g four t ypes o f trees is pe rspec t i ve l y i l l us t ra t -
ed i n t he o r ig ina l d raw ings o f Plates I , I I , I I I and I V . 
I . Cycas-type ( P l a t e I ) . I f i n t he cross-sect ion (С —C) a f te r t he cen t ra l deve loped p i t h 
(1) one or t w o x y l e m r i ngs (6) and p h l o e m r ings (7) f o l l ow , a n d i f i n t he p i t h a n d co r tex there 
are (8) m a j o r muci lage duc t s (2) and i n t h e w o o d y p a r t rays (4) o f t w o or more layers and i n 
the r a y s vessels (14) t h e n a piece o f t r u n k l i k e t h a t can on l y be long t o the Cycads. ( F o r a more 
d e t a i l e d descr ip t ion a n d t h e pho tog raphs o f Cycads see la te r , p . 153.) 
I I . Coniferae-type (P la te I I ) . I f i n t h e sect ional p i c t u r e t he cross-sect ion o f the single 
e lements , the t racheids are equa l i n size a n d a r ranged i n a r a d i a l d i r ec t i on , close t o one another 
i n r egu la r l ines and a n n u a l sectors (P la te I I , 7, 8 and Plate V , F igs 2a and 2b) , i f a m o n g these 
w o o d elements there are r ays of a w i d t h o f one cel l layer or t w o go ing i n a r a d i a l d i rec t ion 
(P la te I I . , Figs 1 2 - 1 3 a n d P la te V , F ig . 2b ) , and i n the co r tex a n d tree b o d y (P l a te I I , Figs 
2, 3 a n d P la te V , F ig . 2b) poss ib ly res induc ts (P la te I I , F ig . 15 a n d P la te V , F i g . 2b ) , t h e n f r o m 
a s t r u c t u r e l ike t h a t a sure conclus ion can be d r a w n to a k i n d o f Coniferae (P la tes I I and V) . 
( A m o r e deta i led x y l o t o m y o f the wood b o d y o f Coniferae w i l l be re fe r red to l a te r o n , p. 154). 
I I I . Palm-type ( P l a t e I I I ) . I f i n t h e cross-section, i n t he basic substance o f the wood 
p i t h (C) there are sca t te red larger cel l g roups o r , more exac t l y , co l la te ra l closed vessel bundles, 
(P la tes I I I , V I , Figs 3a a n d 3b), and i f i n t he wood there a r e n ' t e i ther d i s t i n c t r a y s or resin 
duc t s (P la te I I I ) , t h e n t h a t wood m u s t be p a l m - t y p e . ( A more de ta i l ed x y l o t o m y o f Monoco ty -
ledons w i l l be exposed l a t e r , cf. p . 154.) 
I V . Dicotyledonous-type (P la te I V ) . I f i n the sect ional p i c t u r e (P la te I V . С —C), beside 
t he m i n o r cavi t ies the re are m u c h larger cav i t i es , as we l l — the cross sections o f vessels — ir re-
Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
VARIA 1 5 3 
Plate I 
S c h e m a t i c d r a w i n g o f a Cycas s t e m i n t h r e e p l a n e s o f sec t ion . С = c ross sec t i on , R = r a d i a l 
sec t ion , T = t a n g e n t i a l s e c t i o n . 1. P i t h , 2. M u c i l a g e cana ls , 3 . C a l c i u m o x a l a t e d r u s e s , 4. 
P r i m a r y r a y , . 5. X y l e m p a r t . 6 . C a m b i u m , 7. P h l o e m p a r t , 8. C o r t e x , 9. P e r i d e r m , 10 . V e s t i g e s 
o f l ea f bases , 11. L e a f scars , 12. P i t h b u n d l e s , 13. B u n d l e s i n t h e c o r t e x are pass ing o u t t o t h e 
lea f bases, 14 . C o m m o n b u n d l e s a re pass ing o u t t h r o u g h t h e p r i m a r y r a y s i n t o t h e l e a v e s , 15. 
T r a n s f u s i o n ce l l s , 16. T r a c h e i d s w i t h a r a u c a r o i d p i t t i n g s , 17. T r a c h e i d s w i t h s c a l a r i f o r m t h i c k e n -
i n g , 18. M u l t i s e r i a t e r a y s . ( O r i g i n a l , Greguss a n d H a v a s . ) 
g u l a r l y o r r e g u l a r l y a r r a n g e d i n t h e g r o u n d t i s s u e a lone or i n s m a l l e r o r l a rger g r o u p s , a n d i f 
i n t h e w o o d t h e r e go a n n u a l r i n g s as w e l l as r a y s o f one l a y e r o r m o r e a r r a n g e d i n a r a d i a l 
d i r e c t i o n , t h e n f r o m t h a t s t r u c t u r e we m u s t c o n c l u d e o n a k i n d o f Dicotyledons. ( T h e f i n e r 
s t r u c t u r e o f t h e Dicotyledons w i l l be r e c o g n i z e d l a t e r o n , p . 156. ) 
I f w e c a n i d e n t i f y a n u n k n o w n w o o d o n t h e basis o f i t s s e c t i o n a l s t r u c t u r e w i t h one 
o f t h e f o u r w o o d t y p e s m e n t i o n e d above , t h e n t h i s i n i t i a l r e s u l t m a y a l r e a d y g i v e a v a l u a b l e 
d i r e c t i o n f o r t h e f u r t h e r m o r e d e t a i l e d a n d e x a c t i n v e s t i g a t i o n s . 
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Plate II 
Schemat ic d r a w i n g showing the w o o d o f a three years o l d spruce (Picea) t w i g i n three p lanes 
o f section. С = cross section, R = r a d i a l section, T = t a n g e n t i a l sect ion. 1. Ep ide rm is , 2. 
Pe r ide rm, 3. P h l o e m , 4. Camb ium, 5. Ve r t i ca l resin d u c t , 6. H o r i z o n t a l r es in duct , 7. E a r l y -
w o o d , 8. L a t e w o o d , 9. P i t h , 10. P i t hsc le renchyma , 11. P r i m a r y wood, 12. M e d u l l a r y r ay (seen 
i n tangent ia l v i e w ) , 13. T h i c k - w a l l e d w a y cells, 14. M a r g i n a l cells, t ransverse t racheids, 15. 
T h i c k - w a l l e d ep i the l i a l cells. (Or ig ina l , Greguss and Gosz tony i . ) 
I t is ve r y n a t u r a l t h a t even i ns ide the ex is t ing f o u r m a i n wood t y p e s there is an e x t r e m -
e l y great v a r i e t y . Nevertheless, these four k inds o f a n a t o m i c t y p e m a r k s appear i n each o f 
t he famil ies and species. I n th is w a y , no t on ly the s ing le fami l ies b u t also t he species can be 
w e l l separated f r o m each other and i d e n t i f i e d . 
The most character is t ic x y l o t o m i c pecul iar i t ies o f wood body o f t he di f ferent 
wood types 
I. Wood structure of Cycads (P la tes V , l a , l b a n d V I I ) . The Cycads l i v i n g to -day c a n 
be d iv ided i n to t e n genera: 1. Boivenia, 2. Ceratozamia, 3. Cycas, 4. Dioon, 5. Encephalartos, 
6. Lepidozamia, 7. Macrozamia, 8. Microcycas 9. Stangeria, 10. Zamia. T h e r e are abou t 140 
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Plate III 
S c h e m a t i c d r a w i n g s h o w i n g t h e w o o d o f a p a l m s t e m (Raphis) i n t h r e e p l a n e s o f sec t i on . С = 
Cross s e c t i o n , R = r a d i a l s e c t i o n , T = t a n g e n t i a l s e c t i o n . Cross s e c t i o n , 1. E p i d e r m i s o n t h e 
s t e m a n d i n t h e leaves , 2. P a r e n c h y m a cells o f t h e c o r t e x . 3. S c l e r e n c h y m a t o u s f i b r e s ( S c ) 
w i t h s t e g m a t a ( S t ) . I n t h e g r o u n d t i ssue t h e v a s c u l a r b u n d l e s are s p o r a d i c . P a r t s o f t h e ves -
sels: X = X y l e m , P h = p h l o e m , S d = do r sa l s c l e r e n c h y m a , S v = v e n t r a l s c l e r e n c h y m a . 
R a d i a l s e c t i o n . O n t h e s ide o f s t e m s t h e r e are t w o l e a f bases. U p p e r a n d l o w e r e p i d e r m i s . 
( 1 — 1). I n t h e m i d d l e t h e r e is t h e m e s o p h y l l . T h e s c l e r e n c h y m a f i b r e s a re w i t h s t e g m a t a . T h e 
ve ins are t r a v e l l i n g i n t h e l e a v e s . I n t h e v a s c u l a r b u n d l e t h e r e are vesse ls w i t h s c a l a r i f o r m a n d 
s p i r a l t h i c k e n i n g s . (5 ) . P = p e r f o r a t i o n . T h e b l a c k a n d h a c h u r e d l i n e s h o w s t h e r u n n i n g o f 
vessels. (6 ) . F r o m t h e m a r k s p a l l t h e b i g b u n d l e s o n t h e o n e s ide, t h e v e r t i c a l b u n d l e (7 — 7 ) i n t o 
t h e s a t e l l i t e b u n d l e (8 ) , a f t e r i n t o t h e b r i d g e , a n d go o u t i n t h e leaves ( 1 1 ) a n d i n t h e c o r t e x . ( 7 ) . 
I n t h e o u t e r c o r t e x l i t t l e b u n d l e s c o m e (10) f r o m u n d e r u p w a r d s a n d pass o u t as l e a f base 
b u n d l e s i n t h e l eaves . T a n g e n t i a l s e c t i o n . 1. E p i d e r m i s , 2. C o r t e x p a r e n c h y m a , 3. S c l e r e n c h y m a 
f i b r e s (Sc) w i t h s t e g m a t a . ( O r i g i n a l , G r e g u s s a n d M e s k ó — B ó k a . ) 
10* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
1 5 6 VARIA 
Plate IV 
T h e i n t e r n a l s t r u c t u r e o f a t w o y e a r s o l d t w i g o f l i m e - t r e e (Tilia). С — С = Cross s e c t i o n , R — R = 
r a d i a l s e c t i o n , T — T = t a n g e n t i a l sec t i on . 1. C u t i c u l a , 2. E p i d e r m i s , 3. B a r k , 4. B a s t , 5. B a s t 
f i b r e s , 6. B a s t p a r e n c h y m a ce l l s , 7 . C o m p a n i o n ce l l s , 8. S ieve t u b e s , 9 . T r a c h e i d s , 10. Vesse ls , 
11. W o o d p a r e n c h y m a cells, 12. F i b r e t r a c h e i d s , 13. C a m b i u m , 14. R a y s , 15. R a y e d g e ce l ls . 16. 
A n n u a l r i n g b o r d e r , 17. P i t h . ( O r i g i n a l , Greguss a n d T ó t h . ) 
species o f t h e s e t e n genera, h o w e v e r , t h e y d i f f e r f r o m one a n o t h e r i n t h e i r e x t e r n a l shapes a n d 
t h e d e v e l o p m e n t o f t h e i r b l o o m s , s h o w i n g s e v e r a l c o m m o n a n d c h a r a c t e r i s t i c f e a t u r e s i n 
t h e i r x y l o t o m y i n w h i c h t h e y d i f f e r essen t i a l l y f r o m t h e o t h e r t r e e t y p e s , f i r s t o f a l l f r o m 
t h e o the r g y m n o s p e r m o u s - t y p e , t h e Coniferae. 
C r o s s - s e c t i o n a l s t r u c t u r e . O n e o f t h e m o s t c h a r a c t e r i s t i c c r o s s - s e c t i o n a l p e c u l i a r i t i e s 
o f eve ry g e n u s a n d species o f t h e C y c a d s is t h a t t h e y c o n t a i n i n t h e i r c e n t r a l p a r t a w e l l sepa-
r a t e d p i t h c o n s i s t i n g o f p a r e n c h y m a cells ( P l a t e V , F i g . l a ) . T h e p i t h i s p e r m e a t e d , as a r u l e , 
b y m u c i l a g e d u c t s ( P l a t e V , F i g . l a , P l a t e V I I . F i g s 2, 6) t h a t g e n e r a l l y c o m m u n i c a t e w i t h 
s i m i l a r m u c i l a g e d u c t s o f t h e c o r t e x ( P l a t e I , F i g . 8 ) , t h r o u g h t h e m u l t i s e r i a t e r a y s ( P l a t e I , 
F i g s 4, 14, P l a t e V , F i g . l b ) . I n t h e p i t h o f m o s t C y c a d s t h e r e a re a m o n g t h e i r o w n b u n d l e s 
also some s o - c a l l e d c o m m o n v e s s e l b u n d l e s ( P l a t e I , F i g . 14) p a s s i n g f r o m t h e p i t h t h r o u g h 
t h e m u l t i s e r i a t e r a y s i n t o t h e c o r t e x a n d f r o m t h e r e as r e a l l e a f t r a c e s i n t o t h e l eaves . T h e 
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Plate V 
• i i n u a i r i r i g b o r d e r 
ÉI./ÎIUUAIHM* Л 
• e a r l y w o o d 7 
l a t e w o o d 
r y l e m l 
r a c h j 
a n n u a l r i n g b o r d e r 
r e ö l n d u c t 
t r a c h e i d e 
P r è s i n d ù c t a 
S p i j ЩЩ, 
Fig. la. Cross sec t ion o f Cycas revoluta 1/2 n a t . s ize, a) p i t h , b ) x y l e m p a r t , c) p h l o e m p a r t . lb. 
I n t e r n a l s t r u c t u r e o f c o n d u c t i v e b u n d l e s , ( X 15) . 2a. C r o s s - s e c t i o n s t r u c t u r e o f a 1 2 - y e a r - o l d 
t w i g o f s p r u c e (P i cea ) . 2b. A n a t o m i c a l c r o s s - s e c t i o n s t r u c t u r e o f t h e sp ruce ( X 30 ) . ( O r i g i n a l . ) 
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v e s s e l s a n a t r a c h e i t i s 
v e s s e l s a n d t r a c h e i t i s 
t i s s u e 
b u n d l e s 
X a t e w o o d 
Ш22Ш 
Fig. 3a. Cross-section s t ruc tu re of a p a l m s tem ( R a p h i s , X 30). 3b. A n a t o m i c a l s t ruc tu re o f a 
p a l m stem (Raph is , x30) . 4a. Cross sec t i on s t ruc tu re o f a d ico ty ledonous t ree . ( T i l i a , X5). 
4b. A n a t o m i c a l s t ruc ture of a d i co ty ledonous t ree (Tilia, x 5 0 ) . (O r i g i na l . ) 
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c o l l a t e r a l vessel b u n d l e s ( P l a t e I , F i gs 6 , 7 ) w i n d a b o u t i r r e g u l a r l y b o t h i n t h e p i t h a n d i n 
t h e c o r t e x , i n some p l aces t h e y pass p a r a l l e l t o t h e ax is ( 1 3 ) , o t h e r s are, o n t h e o t h e r h a n d , 
a l m o s t p e r p e n d i c u l a r t o i t . 
A n o t h e r p e c u l i a r i t y o f t h e C y c a d s i s t h a t t h e l a rge p i t h is s u r r o u n d e d 1 — 8 t i m e s b y a 
x y l e m a n d p h l o e m - r i n g ( P l a t e I , F igs 6, 7 , P l a t e V , F i gs l b , b — c , b — c). I n t h e w o o d b o d y 
t h e t r a c h e i d s ( P l a t e I , F i g s 16, 17, P l a t e V , F i g . l b ) , are m o s t l y a r r a n g e d i n a r a d i a l d i r e c t i o n , 
s i m i l a r l y t o t h e t rees o f Coniferae ( P l a t e V I I , F i g s 3, 4). I n t h e w o o d b o d y , t h e a n n u a l r i n g s 
c a n n o t b e s e p a r a t e d as i n t h e Coniferae. T h e r a y s are u n i s e r i a t e o n l y i n t h e r a r e s t cases, m o s t l y 
t h e y a r e e v e n 2 — 10 — 15 c e l l - l a y e r s w i d e ( P l a t e I , T . 18). T h e s e l a t t e r are t h e m u l t i s e r i a t e 
r a y s ( P l a t e V , F i g . l b ) , g o i n g i m m e d i a t e l y f r o m t h e p i t h t o w a r d s t h e c o r t e x . T h i s m u l t i l a y e r 
w i d e r a y s t r u c t u r e is d e f i n i t e l y a Cycas c h a r a c t e r i s t i c , i n t h i s w a y c o n s p i c u o u s l y d i f f e r i n g 
f r o m t h e s t r u c t u r e o f t h e w o o d b o d y o f a n y Con i fe rae . E v e r y w a l l o f t h e r a y ce l l s i s s m o o t h 
a n d f u l l y t h i n , even s i m p l e p i t s c a n be o b s e r v e d i n t h e m o n l y v e r y sca rce l y ( P l a t e V I I , F i g . 11). 
B e s i d e t h e x y l e m r i n g ( P l a t e I , F i g . 5) t h e r e i s a l w a y s p h l o e m r i n g a n d b e t w e e n t h e m a c a m b i u m 
o f o n e c e l l l a y e r or t w o c a n e x i s t , as w e l l ( P l a t e V I I , F i g . 3 ) . I n t h e p h l o e m p a r t w e c a n some-
t i m e s w e l l d i s t i n g u i s h t h e p h l o e m p a r e n c h y m a f r o m t h e p h l o e m f i b r e ( P l a t e V I I , F i g . 3) a n d 
s o m e t i m e s a lso f r o m t h e s i eve t u b e s p e r f o r a t e d w i t h t i n y ho les . 
B e s i d e t h e p h l o e m c o m p o n e n t s a n d a l w a y s close t o t h e w o o d p a r t f r e q u e n t l y t h e r e are 
t r a n s f u s i o n cel ls ( P l a t e I , F i g . 15, P l a t e V I I , F i g s 2, 5, 8) t h a t a re t h i c k e n e d , b o r d e r e d p i t -
l i k e o r n e t w o r k l i k e . I n s o m e cases i t is o b v i o u s t h a t these t r a n s f u s i o n cel ls are i n f a c t p r o t o x y l -
e m e l e m e n t s , b e i n g i s o d i a m e t r i c , a n d t h e d e v e l o p m e n t o f l o n g t r a c h e i d s c a n be f o l l o w e d f r o m 
t h e m v e r y e x a c t l y . 
T a n g e n t i a l s t r u c t u r e ( T ) . T h e r a y s a r e o f d i f f e r e n t h e i g h t a n d w i d t h . I n t h i s respec t 
t h e y d i f f e r f r o m t h e r a y s o f Coniferae ( P l a t e I , F i g . 18, P l a t e V I I , F i g . 7). 
O n t h e r a d i a l s ide ( R ) , t o o , t h e r e a r e m a n y c h a r a c t e r i s t i c p e c u l i a r i t i e s . T h e m o s t i m -
p o r t a n t m a r k is t h a t t h e r a y cel ls are n e a r l y a l w a y s i n a s t a n d i n g s i t u a t i o n ( P l a t e V I I . F igs 
11, 1 2 ) , a n d i n t h e c r o s s f i e l d s t h e s ing le p i t ser ies are a r r a n g e d n o t i n h o r i z o n t a l b u t i n pe rpen -
d i c u l a r l i n e s a n d . as a r u l e , i n a n a r a u c a r o i d w a y ( P l a t e I , F i g . 16 , P l a t e V I I , F i g . 12 ) . T h e p i t 
a p e r t u r e is m o s t l y o f h o r i z o n t a l s i te o r s o m e w h a t o b l i q u e . I n genera c o n t a i n i n g o n l y t r a -
c h e i d s ( P l a t e I , F i g . 17, P l a t e V I I , F i g . 9 ) , e. g . i n t h e Z a m i a c e a e , t h e r e are n o c h a r a c t e r i s t i c 
c ross f i e l d s . 
A n o t h e r c h a r a c t e r i s t i c o f t h e genus is t h a t t h e t r a c h e i d s c o n t a i n p i t s . I n s o m e t r a c h e i d s 
t h e r e a r e o n l y p i t s o f a n a r a u c a r o i d t y p e ( P l a t e I , F i g . 16, Encephalartos, P l a t e V I I , F i g . 10), 
i n o t h e r s , h o w e v e r , t h e t h i c k e n i n g o f t h e t r a c h e i d s has a c o m p l e t e l y f e r n - l i k e c h a r a c t e r , i . е., 
i t is l a d d e r - l i k e ( P l a t e I , 17 , P l a t e V I I , F i g . 9) , a g a i n i n o t h e r s t r a n s i t o r y f o r m s can be 
o b s e r v e d t o a n e t w o r k - l i k e t h i c k e n i n g . I f w e c a n no t i ce i n a w o o d x y l o t o m i c m a r k s l i k e these 
i t m u s t b e l o n g t o t h e C y c a d s a n d t h e n t h e d e t a i l e d i n v e s t i g a t i o n m a y have t h e i d e n t i f i c a t i o n 
o f spec ies as i t s a i m . ( A m o r e d e t a i l e d i n v e s t i g a t i o n o f t h e Cycadaceae l i v i n g t o - d a y c a n be 
f o u n d i n P . Greguss 's b o o k . See: Re fe rences . ) 
I I . The most characteristic xylotomic features of Coniferae ( P l a t e s I I , V , a n d V I I I ) . 
B o t h t h e l i v i n g a n d t h e f o s s i l Coniferae t r u n k s h a v e some x y l o t o m i c f ea tu res i n w h i c h t h e y 
c o n s i d e r a b l y d i f f e r b o t h f r o m Cycads a n d f r o m t h e m o n o c o t y l e d o n o u s a n d d i c o t y l e d o n o u s 
w o o d s . P l a t e I I shows a t h r e e - d i m e n s i o n a l w o o d s t r u c t u r e o f a t h r e e - y e a r o l d s p r u c e , m o r e 
e x a c t l y o f Picea excelsa. T h e o t h e r Pinaceae, l i v i n g t o - d a y o r e x t i n c t , have a l a r g e l y s i m i l a r 
s t r u c t u r e t o t h a t . 
R o u n d t h e a x i s o f t h e y o u n g w o o d b o d y , t h e p i t h is f o r m e d b y t i ssue c o m p o n e n t s o f 
r a t h e r t h i c k wa l l s (9 ) s p o r a d i c a l l y c o n t a i n i n g p i t h s c l e r e n c h y m a cel ls w i t h t h i c k w a l l s (10) . 
T h e p i t h is p e r m e a t e d i n s o m e places b y t h e w o o d e l e m e n t s o f p r i m a r y vessels , t hese f o r m 
t h e p r i m a r y x y l e m s ( 1 1 ) . O u t s i d e t h e p i t h , t h e c o n c e n t r i c c i r c l e s a re t h e a n n u a l r i n g bo rde rs 
( P l a t e V , F i g . 2b) , a n d b e t w e e n t h e m t h e a n n u a l r i ngs . I n t h e a n n u a l r i n g s w e c a n sepa ra te a 
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zone o f ear ly wood f r o m t h a t of late w o o d (P la te V I I I , F igs 2a and b). The w o o d b o d y is in te r -
r u p t e d b y rad ia l l y pass ing cell plates, r a y s (P la te I I , F ig . 6) . Ins ide the rays , t h e pa renchyma 
cel ls are pro longated i n the ray d i r e c t i o n , those i n the m i d d l e d i f fe r i n s t r u c t u r e f r o m the 
u p p e r and lower l a t e r a l cells, these b e i n g t h e ray t rache ids ( P l a t e I I , F ig. 14). I n t he wide rays 
t h e r e ra the r f r e q u e n t l y pass ho r i zon ta l r e s i n ducts t h a t are connected w i t h t h e perpend icu lar 
r e s i n ducts. The res in duc t s of Picea are l i n e d w i t h t h i c k w a l l e d ep i the l ia l cel ls (P la te V I I I . 
F i g . 5). Between t he x y l e m and the p h l o e m , o n the surface o f t h e wood b o d y , t h e r e is a cambia l 
zone , outs ide i t be ing t he ph loem ( P l a t e I I , F ig . 3), f o l l o w e d b y the co r t i ca l p a r e n c h y m a (2), 
w h i l e the most ou te r p a r t the y o u n g b r a n c h is covered w i t h a cork co r t ex deve loped i n the 
s i te o f the epidermis. 
F igs 2a and 2b o f Plate V p resen t t h e cross sect ion o f a severa l -year-o ld Picea b ranch 
( m a g n i f i e d X 5 and a de ta i l of i t 5b m a g n i f i e d x 5 0 ) , w i t h the proper nomenc la tures . I n 
P l a t e V I I I , on the o t h e r hand , we see t h e f i n e r s t ruc ture t h a t is character is t ic o f t h e Coniferae. 
T h e w o o d s t ruc tu re o f t h e d i f fe ren t Coniferae is, of course, v e r y m u c h v a r i e d b o t h i n cross-
sec t ions and i n t a n g e n t i a l and r a d i a l sect ions. I n the f i r s t c o l u m n we see t h e var ious cross-
s e c t i o n a l structures. I n F i g . 1, the cross sect ions of t rache ids are rounded o f f . a n d i n the section 
t h e r e a ren ' t any consp icuous annual r i n g borders (Araucaria). I n F i g . 2 , t he re appear s t r i k i ng 
a n n u a l r i ng borders (Abies), and in t he a n n u a l r ings wood (a) and l a t e w o o d ( b ) c a n be separated. 
F i g . 3 presents res in-cys ts t h a t are n o t r e a l res in ducts (Abies). I n F ig . 4, t he w a l l o f the epi the-
l i a l cel ls of the resin d u c t s is t h i n (Pinus silvestris). A t t h e b o t t o m of F igu re 5, t h e wa l l of the 
e p i t h e l i a l cells of the res in ducts is t h i c k (Picea). 
I n co lumn 2 w e can see t a n g e n t i a l s t ructures. F ig . 6. Un iser ia te h i g h rays (Abies). F ig. 
7. R a y s w i t h resin d u c t s (Pinus). F i g . 8. Jun ipe ro id p i t i n t he t angen t i a l wa l l s o f ray cells 
(Cupressus). F ig. 9. S i m p l e p i t (Abies). F i g . 10. Heterogeneous r a y ske le ton (Pinus). F ig. 11. 
T h e end-wal ls of l o n g i t u d i n a l p a r e n c h y m a cells are smooth (Taiwania). F ig . 12. A w a l l th ickened 
l i k e a necklace of pear ls (Juniperus). F i g . 13. A wal l t h i c k e n e d l i ke a cog-whee l ( T a x o d i u m ) . 
F i g . 14. Ve ry h igh r a y (Taxodium). 
Di f fe ren t cross- f ie lds of rays. F i g . 15. P ino id p i t (Pinus). F ig . 16. T a x o d i o i d p i t (Taxo-
dium). F ig . 17. Cupresso id p i t (Cupressus). F ig . 18. P o d o c a r p o i d p i t ( P o d o c a r p u s ) . F ig. 19. 
D a c r y d i o i d , c i rcoporous p i t (Dacrydium). 
I I I . Xylotomic characteristic of monocotyledonous trees (pa lms) (P la tes I I I . V I , 
a n d I X ) . One of t he representa t ives o f t h e Monocotyledons is Raphis flabellaris (P late I I I ) . 
T h e cross-sectional s t r u c t u r e of pa lms d i f f e r s cons iderab ly f r o m b o t h t ree - t ypes ment ioned 
a b o v e f i r s t of al l as p a l m s have a tac tos te le , i . е., the single co l la te ra l closed vessel bundles are 
a r r a n g e d i r regu la r l y i n t he ground t issue (P la te V I , Figs. 3a, 3b). The single bund les are closed 
or semi-closed (P la te I X , F ig. 2, P la te V I , F ig . 3b). T h e s ingle vessel bund les are general ly 
s u r r o u n d e d by sc le renchyma f ibres. I n t h e ou te r pa r t of vessels there are Sc le renchyma dorsale 
(sd) , and i n the ax is r e g i o n Sc le renchyma vent ra le (sv). A p a r t f r o m t h e m the re is the x y l e m 
X y l o t o m i c charac ter is t i c of Cycads. Fig. 1. Cross-section o f Cycas revoluta s t e m 1/2 nat . size. 
Fig. 2. I n te rna l s t r u c t u r e of c o n d u c t i v e bundles ( X 15). One de ta i l of P h o t o 1. I n Fig. 2. 
P h l o e m bundles (3) , X y l e m bundles (4 ) , Reg ion of t ransfus ion-ce l ls (5). Muc i l age ducts (6). 
Fig. 3. Phloem bund les . Cycas m e d i a ( x 100). F i g . 4. X y l e m bundles Cycas media ( X 100). 
Fig. 5. Transfus ion-cel ls . (Macrozamia) ( X 150). Fig. 6. Muc i lage duc t . (Stangeria) ( x 2 0 0 ) . 
Fig. 7. Tangent ia l s t r u c t u r e , a m o n g t h e ph loem bund les . (Cycas rumphii). ( x 8 0 ) . Fig. 8. 
Transfus ion-ce l ls w i t h re t i cu la r t h i c k e n i n g s (Zamia) ( X 400) . Fig. 9. B a t t e n - l i k e t h i cken ing o f 
t r a c h e i d s ( Z a m i a muricata) ( X 400). Fig. 10. A rauca ro id t h i c k e n i n g of t racheids. (Encephalartos) 
( x 2 0 0 ) . Fig. 11. T h i n - w a l l e d ray cel ls w i t h o u t t h i cken ing . ( B o x c e n i a ) ( x 2 0 0 ) . Fig. 12. Cross-
f ie ld s t r uc tu re o f ray cells. T h e p i t t i n g is a raucaro id . (Encephalartos) ( X 200). 
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( x ) w h i l e ins ide t h e S c l e r e n c h y m a d o r s a l e the p h l o e m ( p h ) (P la te I I I , F i g . 4 , P la te V I , F i g . 3 b , 
P l a t e I X , F i g . 2 ) . T h e basic t i ssue c o n s i s t s of p a r e n c h y m a cells, t h e i r w a l l s be ing m o r e o r less 
t h i c k e n e d . I n t h e w a l l s o f f i b r e t r a c h e i d s o f the g r o u n d t i ssue , t he re a r e o f t e n si lex c r y s t a l s o f 
p e c u l i a r des ings, so -ca l l ed s t e g m a t a t o be observed ( P l a t e I X , F i g . 3 ) ( s t ) whose shape a n d 
s t r u c t u r e c h a n g e a c c o r d i n g t o t h e spec ies , i n t h a t w a y h a v i n g a ro le i n i d e n t i f y i n g t he spec ies . 
I n t he w a l l s t r u c t u r e t h e vesse l s can be o f w i d e c a v i t y a n d g r a d u a l l y t h i c k e n e d o r o f 
n a r r o w e r c a v i t y a n d sp i ra l l y t h i c k e n e d (P la te I X , F i g s 4 , 5, and 6) . T h e p e r f o r a t i o n o f vesse ls 
i s a l w a y s s c a l a r i f o r m (P la te I X , F i g s 7 , 8, a n d 9) . T h e shape o f p e r f o r a t i o n , as w e l l as t h e 
t h i c k n e s s a n d d e s i g n o f the s ing le f i b r e s , change a c c o r d i n g t o t h e s i n g l e species a n d g e n e r a . 
O n l y Pa lmae h a v e a s t r u c t u r e l i k e t h a t ; there fo re , t h e y c a n be w e l l d i s t i n g u i s h e d f r o m o t h e r 
k i n d s o f w o o d . 
I V . Xylotomic characteristic of dicotyledonous trees (P la tes I V , V I a n d X ) . P l a t e 
I V shows the t h r e e - d i m e n s i o n a l p e r s p e c t i v i c s t r u c t u r e o f a t w o y e a r s o l d l i n d e n - b r a n c h . T h e 
p i t h is f o r m e d b y t h i n wa l l ed t i s s u e c o m p o n e n t s t o b e f o u n d i n t h e a x i s o f the y o u n g w o o d 
b o d y (17). I n s i d e t h e wood b o d y , i n t h e c o n c e n t r i c a n n u a l r i ngs , w e d i s t i n g u i s h e a r l y w o o d 
( 9 , 10) and l a t e w o o d (11, 12). A t t h e c o n t a c t o f t h e s i n g l e a n n u a l r i n g s t h e r e are t h e a n n u a l 
r i n g borders. T h e s ing le a n n u a l r i n g s are i n t e r r u p t e d i n a r a d i a l d i r e c t i o n b y the r a y s ( 1 4 ) . 
B e t w e e n the x y l e m a n d p h l o e m c o m p o n e n t s t h e r e i s t h e c a m b i u m ( 1 3 ) . F u r t h e r t h e r e a r e 
t h e co r tex (3 ) , t h e n t h e c o r t i c a l p a r e n c h y m a (2) a n d , a t t he si te o f t h e ep ide rm is , t h e c o r k 
c o r t e x (1). I n t h e s e c t i o n a l s t r u c t u r e , t h e cav i t ies o f d i f f e r e n t size a re t h e cross sect ions o f t h e 
l e a d i n g w o o d c o m p o n e n t s , o f vesse ls a n d t rache ids . A l l these de ta i l s c a n be w e l l o b s e r v e d i n 
t h e p h o t o g r a p h 4 b o f P la te V I . T h e v a r i o u s s e c t i o n a l s t r u c t u r e s are s i m i l a r l y we l l p r e s e n t e d 
i n c o l u m n 1 o f P l a t e X where F i g . 1 shows the s t r u c t u r e o f a w o o d w i t h r i ng -po res ( S y r i n g a ) . 
F i g . 2 is a w o o d o f sca t te red p o r e s (Sambucus), F i g . 3 is a pore r a y (Corylus), F ig . 4 is a p o r e 
g r o u p ( L a b u r n u m alpinus), F i g . 5 c o n t a i n s vessels o f f l a m b o y a n t a r r a n g e m e n t (Rhamnus). 
The p h o t o g r a p h s o f c o l u m n 2 s h o w the t a n g e n t i a l s t r u c t u r e s o f r a y s . F ig . 6 is a h e t e -
rogeneous r a y s k e l e t o n (Olea europea), F i g . 7 is a h o m o g e n e o u s r a y s k e l e t o n ( S o r b u s aria), 
F i g . 8 shows m o n o - a n d m u l t i s e r i a t e r a y s (Quercus), F i g . 9 shows t y l oses i n t h e vessel ( M a c l u r a ) , 
F i g . 10 is a c u m u l a t e d ray (Alnus). 
I n c o l u m n 3 w e see t h e r a d i a l s t r uc tu res o f d i c o t y l e d o n o u s t r e e s . F i g . 11: V a s i c e n t r i c 
p a r e n c h y m a ce l l s o n the vessels ( V ) (Diospyros), F i g . 12: P a r a t r a c h e a l p a r e n c h y m a ce l l s i n 
Quercus (P) . F i g . 13 : corner cel ls o n t h e r i m s o f r a y s ( M ) (Populus). F i g . 14 : S imp le p e r f o r a t i o n 
( P ) С E u p h o r b i a ) . F i g . 15: S c a l a r i f o r m p e r f o r a t i o n a n d o p p o s e d p i t s ( o ) (Liriodendron). 
(The d e s c r i p t i o n a n d p h o t o g r a p h s c o n c e r n i n g t h e x y l o t o m y o f d i c o t y l e d o n o u s t r e e s 
c a n be f o u n d i n d e t a i l i n P. G r e g u s s ' s w o r k : " H o l z a n a t o m i e der e u r o p ä i s c h e n L a u b h ö l z e r u n d 
S t r ä u c h e r . ) See: References . 
* 
T h e mos t c h a r a c t e r i s t i c x y l o t o m i c f e a t u r e of C o n i f e r e a e . C o l u m n . I . C ross sect ions. Fig. 1. T h e 
vessels are r o u n d e d , w i t h o u t a n n u a l r i n g bo rde r . (Araucaria) ( X 2 0 0 ) . Fig. 2. Cross s e c t i o n 
w i t h annua l r i n g b o r d e r . (a) e a r l y w o o d , ( b ) l a t e w o o d . ( Abies ).( X 100). Fig. 3. Res in p a r e n c h y m a . 
(Abies) ( X 100) . Fig. 4. T h i n - w a l l e d r e s i n duc t (Pinus) ( x 100). Fig. 5. T h i c k - w a l l e d r e s i n d u c t 
(Picea) ( X 60 ) . C o l u m n . I I . T a n g e n t i a l s t ruc tu re . Fig. 6. U n i s e r i a t e h e i g h t r a y s . (Abies) ( X 100 ) . 
-F ig . 7. Rays w i t h r e s i n ducts . (Pinus) ( X 100). Fig. 8. C u p r e s s o i d t h i c k e n i n g o f r a y cells (Cupres-
sus) ( x 4 0 0 ) . Fig. 9. S imp le p i t t i n g i n t he t a n g e n t i a l wa l l s . (Abies). ( X 300) . Fig. 10. H e t e r o -
geneous r a y (Pinus) ( x 2 0 0 ) . Fig. 11. S m o o t h e n d - w a l l (Taiwania) ( X 3 0 0 ) , Fig. 12. T h e w a l l 
t h i c k e n e d l i k e a n e c k l a c e of p e a r l s (Juniperus) ( X 3 0 0 ) . Fig. 13. T h e w a l l t h i c k e n e d l i k e a cog -
w h e e l . (Taxodium) ( X 300). Fig. 14. V e r y h i g h r a y . (Taxodium) ( X 2 0 0 ) . C o l u m n . 3. D i f f e r e n t 
cross f ie lds o f r a y s . Fig. 15. P i n o i d p i t (Pinus) ( X 3 0 0 ) . Fig. 16. Taxodioid p i t . (Taxodium) 
( X 300). Fig. 17. Cupresso id p i t . (Cupressus) ( x 3 0 0 ) . Fig. 18. P o d o c a r p o i d p i t . (Podocarpus) 
(x300). Fig. 19. Dacryd io id (Circoporus) p i t . (Dacrydium) (x300). 
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Plate IX 
X y l o t o m i c c h a r a c t e r i s t i c s o f m o n o c o t y l e d o n o u s t r e e s (Palms). Fig. 1. A m o n g t h e g r o u n d t i s s u e 
the re are s i n g l e c o l l a t e r a l c l o s e d vesse l -bund les . ( R a p h i s ) ( X 30) . Fig. 2. One s ing le c l o s e d vesse l -
b u n d l e . S c l e r e n c h y m a d o r s a l e ( S D ) , S c l e r e n c h y m a v e n t r a l e ( S V ) , P h l o e m ( P H ) . X y l e m ( X ) , 
( x 2 0 0 ) . Fig. 3. I n t h e w a l l s o f f i b r e t r a c h e i d s t h e r e are s t e g m a t a ( S T ) ( x 2 0 0 ) . Fig. 4. S p i r a l 
t h i c k e n i n g i n t h e vessels. ( x 3 0 0 ) . Figs 5—6. R i n g - l i k e t h i c k e n i n g i n t h e vessels. ( x 3 0 0 ) . Figs 
7—9. S c a l a r i f o r m p e r f o r a t i o n s i n t h e vessels ( X 300) . 
VARIA 1 6 5 
A p a r t f r o m t h e g r e a t p r a c t i c a l a n d s c i e n t i f i c i m p o r t a n c e o f w o o d w e m u s t n o t f o r g e t 
t h e g r e a t aes the t i c s i g n i f i c a n c e o f t r e e s , e i t h e r . A m a n w e a r y o f w o r k b u t h a v i n g a r e c i p i e n t 
m i n d , i n h i s f ree t i m e w i l l a l w a y s l o o k f o r t h e f ree n a t u r e , m e a d o w s , p a s t u r e s a n d t h e u m b r a -
geous f o r e s t s f o r b e i n g re f r eshed i n b o d y a n d s p i r i t b y t h e i r s i lence a n d b e a u t y . I n t h e s e 
cases, t h e p a r t i c u l a r s i l ence o f t h e w o o d , t h e p l a y o f s u n s h i n e g l i m m e r i n g t h r o u g h t h e f o l i a g e 
o f t h e f o r e s t , t h e t w i t t e r i n g a n d c h i r p i n g o f t h e b i r d s , a n d t h e t h o u s a n d - f a c e d l i f e a n d m y s t e r y 
o f t h e f o r e s t p r o f o u n d l y a f f e c t e v e n p e o p l e o f ca l lous h e a r t . F o r those n o n - i n i t i a t e d , t h e t r e e s 
o f t h e f o r e s t a re a l w a y s d u m b b u t i f s o m e b o d y — as a consequence o f t h e a b o v e - d i s c u s s e d 
f a c t s — h a d o b t a i n e d a l i t t l e i n s i g h t i n t o t h e m y s t e r i o u s i n t e r i o r l i f e o f t rees , h e does u n d e r s t a n d 
t h e m a n d i n t h e c o u r s e o f h i s e x c u r s i o n s d o e s n ' t m i n d t a l k i n g a w a y t h e t i m e a m o n g t h e m . F o r 
t h i s v e r y reason i t is w o r t h w h i l e k n o w i n g t h e i n n e r s t r u c t u r e o f trees. 
* 
P r e p a r e d a t t h e I n s t i t u t e f o r P l a n t M o r p h o l o g y a n d S y s t e m a t i c o f t h e A t t i l a J ó z s e f 
U n i v e r s i t y , Szeged. 
P . GREGUSS 
X y l o t o m i c c h a r a c t e r i s t i c o f d i c o t y l e d o n o u s t rees . C o l u m n . I . Cross sec t ions Fig. 1. S h o w i n g 
t h e s t r u c t u r e o f a w o o d w i t h r i n g - p o r e s . (Syringa).( X 5 0 ) . Fig. 2. W o o d w i t h s c a t t e r e d pores 
(Sambucus) ( x 5 0 ) . Fig. 3. Po re r a y (Corylus) ( x 5 0 ) . Fig. 4. P o r e g r o u p (Laburnum alpinum) 
( x 5 0 ) . Fig. 5. Vessels o f f l a m b o y a n t a r r a n g e m e n t (Rhamnus) ( x 5 0 ) . C o l u m n . I I . T a n g e n t i a l 
s t r u c t u r e s o f r a y s . Fig. 6. H e t e r o g e n o u s r a y s k e l e t o n . (Olea europea) ( X 1 0 0 ) . Fig. 7. H o m o -
geneous r a y s k e l e t o n ( S o r b u s aria). ( X 100 ) . Fig. 8. M o n o - a n d m u l t i s e r i a t e r a v s , (Quercus) 
( X 100) . Fig. 9. T y l o s e s i n t h e vessel (Maclura) ( x l O O ) . Fig. 10. A g g r e g a t e r a y . (Alnus)( x 100) . 
C o l u m n . I I I . R a d i a l s t r u c t u r e s o f d i c o t y l e d o n o u s t rees. Fig. 11. V a s i c e n t r i c p a r e n c h y m a cel ls 
o n t h e vessels. ( V ) . (Diospyros). ( X 300 ) . Fig. 12. P a r a t r a c h e a l p a r e n c h y m a c e l l s i n Quercus. 
(P). ( X 300) . Fig. 13 M a r g i n a l cells o n t h e r i m s o f rays . ( M ) ( x 300) . ( P o p u l u s ) . Fig. 14. S i m p l e 
p e r f o r a t i o n ( P ) (Euphorbia) ( x 3 0 0 ) . Fig. 15. S c a l a r i f o r m p e r f o r a t i o n (P ) a n d o p p o s e d p i t s ( 0 ) 
(Liriodendron) ( X 300) 
10* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
VARIA 1 6 7 
R E F E R E N C E S 
B A L A B A N , K . (1955) : N a u k a О d rëvë . A n a t o m i e d r ë v a . P r v n i cas t . S t a t n i Z é m é d e l s k a N a k l a -
d a t e l s t v i , P r a h a , 1 — 216 . 
B O U R E A U , E . ( 1 9 5 4 ) : A n a t o m i e végé ta le . P a r i s . 
BUDKEVICH, E. V. — Будкевич, E. B. (1961): Древесина сосновых. Анатомическое 
строение и ключи для определения родов и видов. Изд. АН СССР, М о с к в а -
Ленинград, 1—151. 
BULLETIN IAWA : I n t e r n a t i o n a l A s s o c i a t i o n o f W o o d A n a t o m i s t s . E d . : S t a t e U n i v e r s i t y o f 
N e w Y o r k , S y r a c u s e N . Y . 13210, U S A . 
CHALK , L . — RENDLE , B . J . ( 1 9 2 9 ) : B r i t i s h h a r d w o o d s ; t h e i r s t r u c t u r e a n d i d e n t i f i c a t i o n . 
L o n d o n . 
CHENG , Т . C . (1960) : I m p o r t a n t t i m b e r s o f C h i n a . — T h e i r g ross f e a t u r e s , t e c h n i c a l p r o p -
e r t i e s a n d uses. P e k i n g . 
COMMITTE o n NOMENCLATURE IAWA ( 1 9 6 4 ) : M u l t i l i n g u a l g l o s s a r y o f t e r m s u s e d i n w o o d 
a n a t o m y . Z ü r i c h . 
DJORDIEVIC , P . (1931) : A n a t o m i s c h e r B a u des H o l z e s u n d A n l e i t u n g z u m B e s t i m m e n unse re r 
w i c h t i g s t e n H o l z a r t e n u n d S t r ä u c h e r n a c h i h r e n a n a t o m i s c h e n M e r k m a l e n . B e l g r a d . 
GREGUSS , P . (1955) : X y l o t o m i s c h e B e s t i m m u n g de r h e u t e l e b e n d e n G y m n o s p e r m e n . A k a d é -
m i a i K i a d ó , B u d a p e s t . 
GREGUSS , P . ( 1 9 5 9 ) : H o l z a n a t o m i e de r e u r o p ä i s c h e n L a u b h ö l z e r u n d S t r ä u c h e r . A k a d é m i a i 
K i a d ó , B u d a p e s t . 
GREGUSS , P . (1968) : X y l o t o m y o f t h e l i v i n g C y c a d s w i t h a d e s c r i p t i o n o f t h e i r l e a v e s a n d 
e p i d e r m i s . A k a d é m i a i K i a d ó , B u d a p e s t . 
GREGUSS , P . (1968) : E i n f ü h r u n g i n d ie P a l ä o x y l o t o m i e . G e o l o g i e , B e r l i n . 
JACQUIST , C. ( 1 9 5 5 ) : A t l a s d ' a n a t o m i e des b o i s des Con i f è res . C e n t r e T e c h n i q u e d u B o i s , 
F o n d s F o r e s t i e r N a t i o n a l , Pa r i s . 
K A U L , K . N . (1960) : T h e a n a t o m y o f t h e s t e m o f p a l m s a n d t h e p r o b l e m o f t h e a r t i f i c i a l genus 
P a l m o x y l o n S c h e n k . L u c k n o w . 
K A V I N A , K . ( 1932) : A n a t o m i e d r ë v a . P r a h a . 
METCALFE , C. R . — C H A L K , L . ( 1950) : A n a t o m y o f t h e D i c o t y l e d o n s . I . I I . O x f o r d . 
MORK , E . ( 1 9 4 6 ) : V e d a t o m i . Os lo . 
SCHMIDT , E . (1941) : M i k r o p h o t o g r a p h i s c h e r A t l a s der m i t t e l e u r o p ä i s c h e n H ö l z e r . N e u d a m m . 
ë p o L j A R l C , Z . (1959) : D r w o - a n a t o m s k a g r a d a i r a s t e n j e s k l j u c e m za m a k r o s k o p s k u i d e n t i f i -
k a c i j u . S u m a r s k e E n c i k l o p e d i j e sv . I . s t r . Z a g r e b , 2 5 0 — 2 8 4 . 
S U D O , S . ( 1 9 5 9 ) : I d e n t i f i c a t i o n o f J a p a n e s e H a r d w o o d s . B u l l . G o v . F o r s t E x p . S t a t . , 118, 
1 138 . 
U n i v e r s i t y c f N a n k i n g ( 1 9 5 1 ) : T h e d r a w i n g s o f t h e x y l o t o m y o f t h e Ch inese c o n i f e r o u s w o o d s . 
N a n k i n g . 
YATSENKU -KHEMELEVSKY , A . A . — Я ц е н к о - Х м е л е в с к и й , A . A . ( 1 9 5 4 A ) : Д р е в е с и н ы К а в -
каза. Изд. А Н Армянской ССР, Ереван, 674. 
T H E A N A L Y S I S O F A D D I T I V E A N D D O M I N A N C E G E N E T I C V A R I A T I O N I N A 
D I A L L E L C R O S S O F J U T E ( C O R C H O R U S O L I T O R I U S L . ) 
T h e p r a c t i c a l u t i l i t y o f d i a l l e l crosses i n t h e p resen t d a y p l a n t a n d a n i m a l b r e e d i n g is 
w e l l k n o w n . D i a l l e l crosses h a v e been u s e d i n p r e d i c t i n g t h e g e n e t i c n a t u r e o f t h e genes i n 
m a n y c r o p s i n c l u d i n g l i m a beans (ALLARD 1 9 5 6 ) ; w h e a t (W I I ITEHOUSE et al. 1958, LUPTON 
1961 ) ; p e a r l m i l l e t (AHLUWALIA et al. 1962) . E a r l i e r J I N K S — H A Y M A N ( 1953 ) d e v e l o p e d a m e t h o d 
o f a n a l y s i n g t h e d i a l l e l t a b l e f o r s t u d y i n g t h e d i f f e r e n t g e n e t i c a l s i t u a t i o n s . SINGH ( 1 9 7 1 , 1972) 
s t u d i e d t h e gene t i ca l b e h a v i o u r o f t h e d i f f e r e n t q u a n t i t a t i v e c h a r a c t e r s i n t h e c u l t i v a t e d j u t e 
(C. capsularis). H o w e v e r , n o t m u c h w o r k seems t o h a v e b e e n d o n e i n t h i s d i r e c t i o n . T h e 
p r e s e n t s t u d y was t a k e n u p t o h a v e a n i d e a o f t h e a d d i t i v e a n d d o m i n a n c e e f f e c t s o f genes 
i n a se t o f d i a l l e l crosses i n t h i s c rop . 
A set o f 7 X 7 d i a l l e l crosses was a t t e m p t e d i n C. clilorius d u r i n g 1968 u s i n g s e v e n e s t a b -
l i s h e d c u l t i v a r s i . e. J R O — 632 , C r u m p l e d l e a f , T o b a c c o l e a f , I n t e r n o d e i n u t , D e e p r e d , R u s -
s ian r e d a n d R —26 ( D e n o t e d as P [ t o P 7 ) , i n b o t h d i r e c t i o n s . A l l t h e r e s u l t i n g f o r t y n i n e c o m -
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b i n a t i o n s i n c l u d i n g t h e rec i p roca l s w e r e p l a n t e d i n 1969 — 70 i n t w o r e p l i c a t i o n s a f t e r p r o p e r 
r a n d o m i z a t i o n a l o n g w i t h t h e seven p a r e n t a l selfs. E a c h p l o t cons i s ted o f t h r e e r o w s each one 
b e i n g 400 c m l o n g a n d c o n t a i n e d m o r e t h a n t w o h u n d r e d p l a n t s . T h e p l a n t s w e r e r a i s e d w i t h 
t h e u s u a l a g r o n o m i c p rac t i ces . T h e d a t a o n p l a n t h e i g h t ( c m ) , basa l d i a m e t e r ( c m ) , n u m b e r 
o f i n t e r n o d e s , s ize o f i n t e r n o d e s ( c m ) d r y s t i c k w e i g h t ( g m ) a n d d r y f i b r e w e i g h t ( g m ) per p l a n t 
w e r e r e c o r d e d f r o m t w e n t y r a n d o m l y se lec ted p l a n t s f r o m each p l o t . 
T h e d a t a w e r e a n a l y s e d u s i n g HAYMAN'S ( 1 9 5 4 ) m e t h o d d e v e l o p e d f o r t e s t i n g t h e a d d i -
t i v e a n d d o m i n a n c e e f f e c t s i n t h e d i a l l e l crosses. T h e a n a l y s i s f o l l o w s t h e L a t i n s q u a r e g e n e r a l 
m e t h o d , t h e d i a l l e l t a b l e is s u p e r i m p o s e d u p o n t h e L a t i n s q u a r e a n d e a c h l e t t e r i n d i c a t e s a 
s e t o f s ingle crosses w h i c h m a y be p e r f o r m e d a p a r t f r o m t h e o t h e r sets. I n t h e ana l ys i s o f 
v a r i a n c e the s u m o f squa res is c o m p u t e d i n t h e same w a y as i n a n o r m a l L a t i n squa re . 
Suppose t h e m e a s u r e d c h a r a c t e r is c o n t r o l l e d b y genes a t " K " l o c i . I f t h e genes a re 
i n d e p e n d e n t i n a c t i o n a n d show a d d i t i v e b e h a v i o u r , t h e m e a s u r e m e n t i n t h e cross w i l l be t h e 
m e a n o f t h e t w o p a r e n t a l m e a s u r e m e n t s o n l y . M a t e r n a l e f f e c t s m a y s o m e t i m e s be p r e s e n t a n d 
i n t h a t case t h e m e a n s o f t h e r e c i p r o c a l crosses are a lso t a k e n i n t o a c c o u n t . 
L e t Y r s b e t h e e n t r y i n t h e r t h r o w a n d s t h c o l o u m n i n t h e d i a l l e l t a b l e . T h e a d d i t i v e 
v a r i a n c e b e t w e e n t h e p a r e n t s a n d t h e m a t e r n a l e f f ec t s i n t h e cross m a y b e t e s t e d as: 
Y r s = m + J r + i s + i r s + k r - k s + k r s 
W h e r e m = g r a n d m e a n j r = m e a n , d e v i a t i o n f r o m t h e g r a n d m e a n d u e t o t h e r t h 
p a r e n t , j r s = r e m a i n i n g d i s c r e p a n c y i n t h e r s t h r e c i p r o c a l s u m s , 2 k r = d i f f e r e n c e b e t w e e n 
t h e e f fec ts o f t h e r t h p a r e n t a l l i n e u s e d as m a l e p a r e n t a n d as a f e m a l e p a r e n t , 2 k r s = r e m a i n -
i n g d i s c r e p a n c y i n t h e r s t h r e c i p r o c a l d i f f e r e n c e . 
T h e f o u r s u m o f squares are d e n o t e d as (a ) , ( b ) , ( c ) a n d (d ) a n d m e a s u r e t h e a b o v e f o u r 
v a r i a t i o n s . T h i s a n a l y s i s was h o w e v e r , g i v e n b y YATES ( 1 9 4 7 ) . 
T h e d e v i a t i o n s o f t h e p r o g e n y f r o m t h e i r p a r e n t a l m e a n d e p e n d o n t h e d o m i n a n c e a n d 
t h e ( b ) m e n t i o n e d a b o v e measures t h i s v a r i a t i o n . T h e c o m p o n e n t s (a ) a n d ( b ) m a y f u r t h e r b e 
i n t e r p r e t e d m o r e p r e c i s e l y t h r o u g h s o m e o t h e r b i o m e t r i c a l g e n e t i c a l m o d e l s ; MATHER ( 1 9 4 9 ) 
d e v e l o p e d such m o d e l s f o r s t u d y i n g t h e p o l y g e n i c s y s t e m s . I f t h e n u m b e r o f p a r e n t s used i n 
t h e crosses are u s u a l l y m o r e t h a n t w o , a p o l y g e n i c s y s t e m is c o n s i d e r e d ( f o r d e t a i l s see HAYMAN 
1 9 5 4 ) . 
A f t e r e x t e n d i n g t h e l i n e a r s t a t i s t i c a l m o d e l , t h e c o n s t a n t s f o r t h e d o m i n a n c e d i f f e r e n c e 
b e t w e e n p a r e n t a l m e a n , p r o g e n y m e a n , a n d t h e d e v i a t i o n s due t o s p e c i f i c p a r e n t s , m a y be 
f i t t e d . T h e c o m p o n e n t ( b ) w i l l t h e n f o r m a n e w c o r r e s p o n d i n g s u m o f s q u a r e s a n d t h i s c a n be 
e x p l a i n e d g e n e t i c a l l y as : 
Y r s = m + j r + j s + l + l r + l s + l r s + k r — k s + k r s ( r - f s ) 
Y r = m + 2 j r - ( n - i ) 1 — ( n — 2 ) l r 
T h e n e w c o n s t a n t s are 
1 = m e a n d o m i n a n c e v a r i a t i o n 
l r = f u r t h e r d o m i n a n c e d e v i a t i o n d u e t o t h e r t h p a r e n t 
l r s = r e m a i n i n g d i s c r e p a n c y i n t h e r s t h r e c i p r o c a l s u m . 
T h e r e f o r e , i n t e r m s o f t h e b i o m e t r i c a l g e n e t i c a l m o d e l t h e m e a n squa re b t w i l l be 
= m 2 " V n n h H ( n - l ) 
i a b ai bi abi 
a n d b , = 4n 2 1 Z u ( 2 u h - 2 " u u h О ( n — 2 ) + C7e2 
i a ai b bi abi be b i ci bei 
b ; j also e s t i m a t e s d o m i n a n c e . 
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E a c h e r r o r e n t e r e d i n T a b l e 1 is t h e i n t e r a c t i o n w i t h t h e e n v i r o n m e n t o f t h e c o r r e s p o n d -
i n g m e a n e f f e c t a n d s ince t h e a d d i t i v e a n d d o m i n a n c e v a r i a t i o n m a y n o t be e x p e c t e d t o be 
i n f l u e n c e d t o t h e same e x t e n t b y the e n v i r o n m e n t , each m e a n s h o u l d be t e s t e d a g a i n s t i t s 
o w n i n t e r a c t i o n . H o w e v e r , t h e e r r o r v a r i a n c e s h a v e been p o o l e d t o g i v e a c o m m o n e r r o r v a r i a n c e 
( B t ) a n d t h e m e a n i n e a c h case has been c a l c u l a t e d b y u s i n g i t . 
T a b l e 1 
Analysis of variance for different quantitative characters in jute 




s t a n t s df 
p lant h e i g h t 
basal 
diameter 
n u m b e r 
of in ternodes 
size of 
in ternodes stick weight f i b r e weight 
a j r 6 1 1 5 2 * * 0.015 4 2 . 3 3 * * 0 . 0 3 * * 393 .09* * 4 7 . 3 9 * * 
Ы 1 1 2 1 9 1 8 * * 0.031 0 .22 0 . 3 9 * * 2 3 8 5 . 3 1 * * 6 8 8 . 4 8 * * 
b2 l r 6 9 3 6 0 * * 0 .101* * 9 8 . 8 3 * * 0 . 0 6 * * 167 .97** 4 1 . 1 4 * * 
ЬЗ 1rs 14 1 0 5 8 * * 0.042 1 1 3 . 4 1 * * 0 . 1 1 * * 523 .60* * 8 8 . 3 2 * * 
b 1 r s 21 4 4 2 3 * * 0 .059* * 1 0 3 . 8 6 * * 0 . 1 1 * * 5 0 5 . 8 8 * * 1 0 3 . 4 7 * * 
с 
к 
6 1 1 5 2 * 0.015 17 .00 0 . 0 2 * 51.19* 2.92 
d k r s 15 1 0 7 1 * 0.080 4 5 . 2 0 * 0 . 0 2 * 12.90 3 .76 
48 2 5 5 8 0.054 4 8 . 5 6 0 .06 255.09 42 .78 
В 
1 10595 0.330* 4 . 0 0 0 . 0 1 6 4 . 2 2 * * 8 .70 
B a 6 3 6 3 5 7 * * 7 .310* * 1 6 5 0 . 5 0 * * 9 . 3 6 * * 5218 .89* * 9 9 0 . 7 5 * * 
Be 6 148 0.0005 2 4 . 5 0 * 0 .03 19.83 5 .83 
B t 48 9 9 8 0.034 18 .33 0 .002 24.45 9.75 
* * = p < 0.001 
* = P < 0 . 0 5 — . 0 1 
1) Plant height. A l l t h e c o m p o n e n t s w e r e t e s t e d f o r t h e i r s i g n i f i c a n c e . I t m a y be seen 
f r o m T a b l e 1 t h a t (a) , ( b ) , ( c ) a n d (d ) w e r e s i g n i f i c a n t . T h e s i g n i f i c a n c e of (a ) i n d i c a t e d t h a t 
t h e c u l t i v a r s used s h o w g e n e t i c a l v a r i a t i o n i n t h e m , t h e s i g n i f i c a n c e o f ( b ) , w h i c h measu res 
t h e r e c i p r o c a l d i f f e rences , s h o w e d t h a t t y p e s h a d d o m i n a n c e f o r t h i s c h a r a c t e r a t s o m e o f t h e 
loc i . T h e c o m p o n e n t s (c ) a n d ( d ) were also f o u n d t o be s i g n i f i c a n t t o some e x t e n t . T h i s i n d i c a t e d 
t h a t t h e t y p e s dep i c t s o m e m a t e r n a l e f f ec t s i n t h e crosses f o r p l a n t h e i g h t . H o w e v e r , t h e v a -
r i a t i o n p r e s e n t i n t h e r e c i p r o c a l crosses m a y n o t b e sa id t o be d u e t o m a t e r n a l e f f e c t s . 
R e g a r d i n g t h e d o m i n a n c e genet ic v a r i a t i o n , i t s v a r i o u s c o m p o n e n t s ( b , ) , ( b 2 ) a n d ( b , ) 
s h o w e d s i g n i f i c a n c e . T h e s i g n i f i c a n c e o f ( h 4 ) c l e a r l y i n d i c a t e d t h e presence o f d o m i n a n c e f o r 
t h i s c h a r a c t e r . T h e s i g n i f i c a n c e o f ( b 2 ) , h o w e v e r , showed a p o s s i b i l i t y o f a s y m m e t r i c a l gene 
d i s t r i b u t i o n f o r p l a n t h e i g h t i n t h e t ypes . 
B l o c k d i f f e rences s h o w e d some s i g n i f i c a n c e . T h i s i n d i c a t e d t h a t t h e h e i g h t h a d also 
been a f f e c t e d b y t h e b l o c k s t o some e x t e n t . 
2) Basal diameter. T h e c o m p o n e n t ( a ) d i d n o t show a n y s i g n i f i c a n c e f o r t h i s c h a r a c t e r . 
T h i s i n d i c a t e d t h a t t h e t y p e s used here d o n o t s h o w a n y g e n e t i c a l v a r i a t i o n a m o n g s t t h e m f o r 
basa l d i a m e t e r . The c o m p o n e n t (b ) was s i g n i f i c a n t . A s i t is k n o w n , i t m e a s u r e d t h e r e c i p r o c a l 
d i f f e r e n c e a n d h a d a d o m i n a n c e n a t u r e o f g e n e s a t some l o c i . H o w e v e r , t h e r e w a s n o m a t e r n a l 
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e f f e c t because t h e c o m p o n e n t s (c) a n d ( d ) d i d n o t s h o w a n y s i gn i f i cance . T h e s i g n i f i c a n c e o f 
( b 2 ) i n d i c a t e d t h e a s y m m e t r y i n t h e gene d i s t r i b u t i o n f o r b a s a l d i a m e t e r i n t h e v a r i e t i e s u s e d 
h e r e . H o w e v e r , ( b t ) d i d n o t show a n y s i g n i f i c a n c e , hence i t m a y be sa id t h a t t h e r e is no d o m i -
n a n c e p resen t . 
H o w e v e r , t h e r e w e r e b l o c k d i f f e r e n c e s . T h i s i n d i c a t e d t h a t t h i s c h a r a c t e r h a d b e e n 
a f f e c t e d t o some e x t e n t b y t h e b l o c k s a l so . 
3) Number of internodes. T h e c o m p o n e n t s (a) a n d ( b ) s h o w e d s i g n i f i c a n c e . T h i s i n d i c a t e d 
t h a t t h e t y p e s s h o w g e n e t i c a l v a r i a t i o n a m o n g t h e m a n d a l s o t h e d o m i n a n c e v a r i a t i o n a t s o m e 
l o c i . H o w e v e r , t h e r e w a s n o m a t e r n a l e f f e c t p r e s e n t , h e n c e i t m a y be s a i d t h a t w h a t e v e r d i f -
f e r e n c e s were p r e s e n t i n t h e r e c i p r o c a l c rosses, t h e y w e r e n o t d u e t o t h e p r e s e n c e o f a n y m a t e r -
n a l e f f e c t , b u t m a y b e d u e t o c e r t a i n o t h e r reasons w h i c h a re d i f f i c u l t t o d e t e r m i n e a t t h i s 
s t a g e . T h e c o m p o n e n t ( b x ) w a s n o t s i g n i f i c a n t . I t m a y b e s a i d t h a t t h e t y p e s l a c k e d d o m i n a n c e 
e f f e c t f o r t h i s c h a r a c t e r . T h e c o m p o n e n t ( b , ) a n d ( b 3 ) s h o w e d s i g n i f i c a n c e , i n d i c a t i n g t h e 
a s y m m e t r i c a l gene d i s t r i b u t i o n f o r t h i s c h a r a c t e r . 
T h e b l o c k s a l so h a d a n e f f e c t o n t h e exp ress i on o f t h i s c h a r a c t e r . 
4) Size of internodes. T h e c o m p o n e n t (a) w h i c h m e a s u r e s t h e v a r i a t i o n b e t w e e n t h e 
m e a n e f fec ts o f e a c h p a r e n t a l l i n e , w a s f o u n d t o be s i g n i f i c a n t . T h i s i n d i c a t e d t h a t t h e t y p e s 
u s e d he re d e p i c t t h e g e n e t i c a l v a r i a t i o n a m o n g t h e m , t h e c o m p o n e n t ( b ) w a s a lso s i g n i f i c a n t 
w h i c h i n d i c a t e d t h e d o m i n a n t n a t u r e o f genes a t some l o c i . F o r t h e size o f i n t e r n o d e s t h e r e 
seems t o be a m a t e r n a l e f f e c t e x i s t i n g , as b o t h (c) a n d ( d ) c o m p o n e n t s w e r e f o u n d t o be s i g -
n i f i c a n t . 
T h e s i g n i f i c a n c e o f ( b t ) ( b 2 ) e t c . i n d i c a t e d t h e p r e s e n c e o f d o m i n a n c e a n d also t h e d i s t r i -
b u t i o n o f genes i n a m o s t a s y m m e t r i c a l m a n n e r i n t h e t y p e s . 
B l o c k d i f f e r e n c e s e x i s t e d t o s o m e e x t e n t . 
5) Stick weight. T h e d r y w e i g h t o f t h e s t i c k is a n i m p o r t a n t c h a r a c t e r i n t h i s c rop a f t e r 
f i b r e . T h i s c h a r a c t e r g i v e s a n idea o f t h e c a m b i a l a c t i v i t y i n t h e f o r m a t i o n o f u l t i m a t e f i b r e 
i n t h e p l a n t a l o n g w i t h t h e w o o d . T h e c o m p o n e n t (a ) w a s f o u n d t o be s i g n i f i c a n t , s h o w i n g a 
g e n e t i c a l v a r i a t i o n i n t h e t y p e s f o r t h i s c h a r a c t e r . T h e c o m p o n e n t (b ) w a s a l so s i g n i f i c a n t . 
I t i n d i c a t e d t h e d o m i n a n c e n a t u r e o f genes a t some o f t h e l o c i . T h e c o m p o n e n t (c ) was also 
s i g n i f i c a n t t o some e x t e n t w h i c h i n d i c a t e d t h e presence o f t h e m a t e r n a l e f f e c t o n t h i s c h a r a c t e r . 
T h e s u b - c o m p o n e n t s o f ( b ) i . e. ( b j ) a n d ( b 2 ) w e r e a lso s i g n i f i c a n t , t h i s a l l i n d i c a t e d 
t h e p resence o f d o m i n a n c e a n d t h e a s y m m e t r i c a l gene d i s t r i b u t i o n i n t h e t y p e s . 
T o some e x t e n t , t h e b l o c k d i f f e r e n c e s also e x i s t e d . 
6) Fibre weight. T h e u l t i m a t e f i b r e w e i g h t per p l a n t g i v e s a n idea o f t h e f i b r e y i e l d i n g 
c a p a c i t y o f t h e c a m b i u m . T h e c o m p o n e n t (a ) was s i g n i f i c a n t , t h i s i n d i c a t e d t h e presence o f 
g e n e t i c a l v a r i a t i o n i n t h e t y p e s f o r t h i s c h a r a c t e r . T h e c o m p o n e n t (b ) w a s a l so s i g n i f i c a n t 
s h o w i n g t h e p resence o f t h e d o m i n a n c e e f f e c t o f genes a t s o m e loc i . H o w e v e r , t h e r e was n o 
m a t e r n a l e f f ec t p r e s e n t . 
T h e ( b t ) a n d (b. , ) we re also s i g n i f i c a n t , i n d i c a t i n g t h e presence o f d o m i n a n c e a n d t h e 
i r r e g u l a r d i s t r i b u t i o n o f genes a t some l o c i . 
B l o c k d i f f e r e n c e f o r g e n e t i c a l v a r i a t i o n i n t h e t y p e s w a s , h o w e v e r , p r e s e n t . 
T h e s ix q u a n t i t a t i v e c h a r a c t e r s w h i c h h a v e b e e n s t u d i e d i n t h i s e x p e r i m e n t f o r m t h e 
u l t i m a t e basis o f t h e f i b r e y i e l d i n j u t e . P l a n t h e i g h t , b a s a l d i a m e t e r , d r y s t i c k w e i g h t a n d 
d r y f i b r e w e i g h t h a d a h i g h c o r r e l a t i o n w i t h t h e f i b r e y i e l d a n d also f o r m a g o o d c r i t e r i a o f 
s e l e c t i o n i n t h i s c r o p (S H U K L A — S I N G H 1 9 6 7 , SINGH 1971b ) . 
T h e v a r i e t i e s u s e d he re s h o w e d a g e n e t i c a l v a r i a t i o n f o r p l a n t h e i g h t , n u m b e r o f i n t e r -
n o d e s , size o f i n t e r n o d e s , s t i c k w e i g h t a n d f i b r e w e i g h t . I t w a s o n l y i n case o f b a s a l d i a m e t e r 
t h a t n o g e n e t i c a l d i f f e r e n c e was o b s e r v e d a m o n g t h e t y p e s . T h i s suggests t h a t t h e t y p e s se lec ted 
f o r t h i s s t u d y d o s h o w g e n e t i c a l d i v e r g e n c e o f these c h a r a c t e r s a n d m a y y i e l d g o o d resu l t s i f 
t h e y a re used i n a m a s s b r e e d i n g p r o g r a m m e . 
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G e n e t i c a l a n d g e o g r a p h i c a l d i v e r g e n c e i f e s t a b l i s h e d i n c rops, p r o v i d e i m m e n s e o p p o r t u -
n i t i e s t o w o r k e r s t o i m p r o v e t h e t y p e s . I n t h i s e x p e r i m e n t , t h e v a r i e t i e s co l l ec ted f r o m d i f -
f e r e n t g e o g r a p h i c a l r e g i o n s we re i n c l u d e d , a l ong w i t h s o m e o f t h e e s t a b l i s h e d m u t a n t s . P r o b a b l y 
t h i s is one o f t h e reasons w h y g o o d g e n e t i c a l d i f f e r e n c e s h a v e been o b t a i n e d . 
V a r i a t i o n s i n t h e r e c i p r o c a l crosses w h i c h w e r e n o t due t o t h e v a r i a t i o n s b e t w e e n t h e 
m e a n e f fec ts o f e a c h p a r e n t a l l i n e w e r e obse rved i n case o f a l l t h e c h a r a c t e r s s t u d i e d . O n e 
s h o u l d be q u i t e c a u t i o u s i n u s i n g t h e s e t y p e s i n t h e crosses f o r g e t t i n g b e t t e r r e s u l t s . T h e 
p a r e n t g i v i n g b e t t e r r esu l t s as a m o t h e r shou ld o n l y b e u s e d as m o t h e r i n s u c h crosses. 
M a t e r n a l e f f e c t s were , h o w e v e r , obse rved i n c h a r a c t e r s l i k e p l a n t h e i g h t , size o f i n t e r -
nodes , s t i c k w e i g h t a n d f i b r e w e i g h t . 
T h e d o m i n a n c e gene t i c v a r i a t i o n was o b s e r v e d t h r o u g h t h e c o m p o n e n t s l i k e ( b ) a n d 
( b 3 ) . T h e y g i v e a n i d e a o f t h e m e a n d o m i n a n c e d e v i a t i o n , d o m i n a n c e d e v i a t i o n d u e t o t h e 
p a r t i c u l a r p a r e n t a n d r e m a i n i n g d i s c r e p a n c y i n t h e r s t h r e c i p r o c a l s u m s , r e s p e c t i v e l y . T h e 
presence o f d o m i n a n c e gene t i c v a r i a t i o n was o b s e r v e d i n case o f p l a n t h e i g h t , size o f i n t e r n o d e s , 
s t i c k w e i g h t a n d f i b r e w e i g h t . A l m o s t a l l t he c h a r a c t e r s s h o w e d a s y m m e t r i c a l gene d i s t r i b u -
t i o n (b 2 ) . T h e a s y m m e t r i c a l gene d i s t r i b u t i o n m a y h e l p u s i n t h e p r o p e r e x p l o i t a t i o n o f t h e s e 
c h a r a c t e r s a n d u l t i m a t e l y g e t t i n g t o t h e goa l o f i m p r o v i n g f i b r e q u a n t i t y i n t h i s c rop . 
T h e d i f f e r e n c e s due t o b l o c k s w e r e also p r e s e n t t o some e x t e n t . T h i s was d u e t o t h e 
f a c t t h a t one o f t h e b l o c k s was p a r t l y a f f e c t e d b y i n c e s s a n t ra ins , j u s t a m o n t h before t h e f i n a l 
h a r v e s t . 
T h e a n a l y s i s o f t h e d i a l l e l t a b l e b y t h i s m e t h o d g i v e s a r a p i d i d e a o f t h e genet ic v a r i a t i o n 
asc r i bab le t o t h e a d d i t i v e a n d d o m i n a n c e causes. 
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WHITEHOUSE , R . N . H . — T H O M P S O N , I . В . — V A L L E RIBEIRO , M . A . M . ( 1 9 5 8 ) : S t u d i e s o n t h e 
b r e e d i n g o f sel f p o l l i n a t i n g cereals. 2. T h e u s e o f d ia l l e l c ross a n a l y s i s i n y i e l d p r e d i c t i o n 
E u p h y t i c a , 7 , 1 4 7 — 1 6 9 . 
YATES , F . ( 1 9 4 7 ) : A n a l y s i s o f d a t a f r o m a l l p o s s i b l e r e c i p r o c a l crosses b e t w e e n a set o f p a r e n t a l 
l i nes . H e r e d i t y , 1, 2 8 7 — 3 0 1 . 
C H E M I C A L C O M P O S I T I O N A N D N U T R I T I V E V A L U E O F E G Y P T I A N 
T O M A T O 
T o m a t o Lycopersicum esculenlum, B a l a d y v a r i e t y is t h e m o s t w i d e l y c u l t i v a t e d v e g e -
t a b l e f r u i t i n E g y p t . T h e r e i s l a c k o f s u f f i c i e n t d a t a c o n c e r n i n g i t s c h e m i c a l c o m p o s i t i o n , 
espec ia l l y t h e t y p e o f sugars a n d a m i n o a c i d c o m p o n e n t s . E L - T I N A Y ( 1 9 7 2 ) s h o w e d t h a t 
d i f f e r e n t t o m a t o v a r i e t i e s d i f f e r e d s o m e w h a t i n t h e i r c h e m i c a l c o m p o s i t i o n . T h i s d i f f e r e n c e 
was m o s t p r o n o u n c e d i n t h e i r t o t a l so l ids, m i n e r a l s , a n d t h e l y c o p e n e c o n t e n t . T h e r e w a s 
o n l y s l i gh t d i f f e r e n c e i n a c i d i t y . MCCANCE — W I D D O W S O N ( 1 9 6 0 ) i n t h e i r r e p o r t gave t h e c h e m -
i c a l c o m p o s i t i o n o f t h e t o m a t o . T h e p resen t w o r k w a s c a r r i e d o u t t o s t u d y t h e c h e m i c a l 
c o m p o s i t i o n a n d n u t r i t i v e v a l u e o f E g y p t i a n t o m a t o w i t h m a i n e m p h a s i s on t h e s u g a r s a n d 
t h e f ree a m i n o a c i d s o f t h e f r u i t s . 
S a m p l i n g . F i v e k g . o f f r e s h t o m a t o f r u i t s , B a l a d y v a r i e t y c o l l e c t e d f r o m G i z a p r o v i n c e 
n e i g h b o u r h o o d w e r e used i n t h i s s t u d y . T h e f r u i t s w e r e b l e n d e d a n d t h e j u i c e w a s e x t r a c t e d 
a n d a n a l y s e d . 
A n a l y t i c a l m e t h o d s . T h e j u i c e was a n a l y s e d f o r i t s m o i s t u r e , ash , p r o t e i n , f a t , t o t a l 
so lub le so l i d s , i r o n a n d a c i d i t y u s i n g t h e u s u a l s t a n d a r d m e t h o d s ( А . О . A . C. 1 9 7 0 ) . C a l c i u m 
a n d p h o s p h o r u s w e r e e s t i m a t e d u s i n g STUFFINS m e t h o d ( 1 9 6 7 ) . C a r o t e i n o i d s were d e t e r m i n e d 
b y t h e m e t h o d g i v e n b y W E T T E S T E I N ( 1 9 5 7 ) a n d l y c o p e n e b y W O N G — BOHART ( 1 9 5 7 ) . A s c o r b i c 
ac id was d e t e r m i n e d b y t h e 2 . 6 - d i c h l o r o p h e n o l i n d o p h e n o l t i t r a t i o n m e t h o d ( L E O N A R D — 
MARSH 1 9 5 8 ) . 
T h e t o m a t o j u i c e was f i l t e r e d a f t e r c e n t r i f u g a t i o n . Sugars a n d a m i n o acids o f t h e t o m a t o 
f i l t r a t e w e r e i d e n t i f i e d a n d q u a n t i t a t i v e l y e s t i m a t e d as was p r e v i o u s l y a n d q u a n t i t a t i v e l y 
e s t i m a t e d as w a s p r e v i o u s l y d o n e b y SALEM — H E G A Z I ( 1 9 7 3 ) . 
T h e r e s u l t s o b t a i n e d i n t h e p resen t s t u d y a r e s u m m a r i z e d i n t h e f o l l o w i n g t a b l e s . 
T a b l e 1 s h o w s t h e genera l c h e m i c a l c o m p o s i t i o n o f t o m a t o f r u i t s . I t c a n be s h o w n t h a t m o -
nosacchar ide r e p r e s e n t e d b y g l u c o s e a n d f r u c t o s e w e r e p resen t i n a p p r e c i a b l e a m o u n t s . M e a n -
w h i l e , t h e d a t a c o n c e r n i n g t h e c a r o t e n o i d s , a s c o r b i c ac i d , l y c o p e n e , g lucose, p h o s p h o r u s , 
c a l c i u m a n d a c i d i t y were i n t h e r a n g e p r e v i o u s l y r e p o r t e d ( E L - T I N A Y 1 9 7 2 ) . These f i n d i n g s 
s h o w t h a t t o m a t o m a y be c o n s i d e r e d as a source, n o t o n l y f o r sugars a n d p r o t e i n s b u t a l so as a 
v a l u a b l e s o u r c e f o r c a r o t e n o i d s a n d ascorb ic a c i d , bes ides i t s h i g h c a l c i u m a n d p h o s p h o r u s 
c o n t e n t s . 
T a b l e 2 s h o w s t h e d a i l y r e q u i r e m e n t s o f t h e m a i n i m p o r t a n t n u t r i t i o n a l e l emen ts p r e s e n t 
i n t o m a t o e s . F r o m t h e t a b l e i t c a n b e seen t h a t t o m a t o e s can be c o n s i d e r e d as an e x c e l l e n t a n d 
cheap source o f v i t a m i n C. I t is a l s o a r e l a t i v e l y c h e a p source o f v i t a m i n A as i t c o n t a i n s a b o u t 
600 I . U . o f i t . I t c o n t a i n s q u i t e a f a i r a m o u n t o f i m p o r t a n t n u t r i t i o n a l m i n e r a l s , m a i n l y ca l -
c i u m , p h o s p h o r u s a n d i r o n . 
T h e f r e e a m i n o acis p a t t e r n i n t h e t o m a t o f r u i t is i l l u s t r a t e d i n T a b l e 3. T h e s e r e s u l t s 
g i v e v a l u a b l e i n f o r m a t i o n a b o u t t h e a m i n o a c i d c o n s t i t u e n t i n t h e E g y p t i a n t o m a t o f r u i t s , 
s ince no a v a i l a b l e d a t a have b e e n p u b l i s h e d a b o u t t h e n a t u r e a n d t y p e o f a m i n o ac ids . I t c a n 
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Tab le I 
The chemical composition of the Egyptian tomato fruits 
(Baladv variety), (Dry basis) 
Chemical consti tuents Tomato f r u i t s 
M o i s t u r e , % 9 4 . 0 0 
F r u c t o s e , % 28 .88 
G l u c o s e , % 32 .72 
T o t a l p r o t e i n n i t r o g e n , % 16 .00 
F a t ( e the r e x t r a c t ) T r a c e s 
C r u d e f i b r e , % 2 1 . 4 0 
T o t a l ash, % 9 . 6 0 
C a l c i u m ( m g / 1 0 0 g ) 100 
P h o s p h o r u s ( m g / 1 0 0 g) 300 
I r o n ( m g / 1 0 0 g ) 9 
C a r o t e n o i d s ( m g / 1 0 0 g ) 58 
L y c o p e n e ( m g / 1 0 0 g ) 125 
A s c o r b i c ac id ( m g / 1 0 0 g) 364 
T i t r a b l e a c i d i t y % (as c i t r i c ac id ) 9 . 2 8 
p H o f t h e j u i c e 4 . 3 
Tab le 2 
The vitamin and mineral content of tomato as compared with the daily requirement 
for reference man 
I tem 
V i t a m i n С 
C a r o t e n e 
C a l c i u m 
P h o s p h o r u s 
I r o n 
Tomato contents (mg/100 g) 
(Wet basis) 
21 .84 




Daily r e q u i r e m e n t 
for reference m a n 
30 m g 
5000 I . U . 
800 m g 
800 
12 m g 
be seen t h a t f i f t e e n a m i n o ac ids w e r e d e t e c t e d a n d q u a n t i t a t i v e l y d e t e r m i n e d . L y s i n e , h i s t i d i n e 
a n d a r g i n i n e a re p r e s e n t i n h i g h e r l e v e l s t h a n o t h e r a m i n o acids. G l u t a m i c a n d a s p a r t i c a c i d s 
are p r e s e n t i n l a r g e r a m o u n t s i n t h e j u i c e o f t o m a t o f r u i t s , w h i l e p r o l i n e s h o w e d the leas t v a l u e 
o f a m i n o a c i d f o u n d . 
* 
P r e p a r e d a t t h e F o o d T e c h n o l o g y D e p a r t m e n t F a c u l t y o f A g r i c u l t u r e , Cai ro U n i v e r -
s i t y , C a i r o ; F o o d T e c h n o l o g y D e p a r t m e n t N a t i o n a l R e s e a r c h Cent re , D o k k i , Cairo. 
K . K . A . S E D K Y , S . M. B . E L MAGOLY , S . A . SALF.M 
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T a b l e 3 
Free amino acid content of the Egyptian tomato juice* 
(Dry basis) 
Amino acids mg/100 g 
A s p a r t i c a c i d 1 2 5 
G l u t a m i c a c i d 1 5 5 
Ser ine 1 0 0 
G l y c i n e 7 5 
T h r e o n i n e 4 2 
A l a n i n e 8 6 
V a l i n e 3 5 
L e u c i n e i so leuc ine 8 2 
P h e n y l a l a n i n e 6 6 
L y s i n e 3 5 0 
A r g i n i n e 2 0 5 
H i s t i d i n e 2 9 0 
M e t h i o n i n e 3 5 
P r o l i n e 15 
* T o m a t o j u i c e represen ts 8 8 % o f t he f r u i t s . 
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WETTESTEIN , D . V . ( 1 9 5 7 ) : E x p . Ce l l Res., 1 2 , 4 2 7 . 
WONG , F . F . — B O H A R T , G . S. ( 1 9 5 7 ) : F o o d T e c h n o l o g y , 11, 2 9 3 . 
P L A S T S T R U C T U R E O F V A R I O U S S H O O T S O F E Q U I S E T U M A R V E N S E L . 
T h e f i n e s t r u c t u r e o f t h e c h l o r o p l a s t h a v i n g been c l a r i f i e d (GRANICK 1 9 6 1 , M E N K E 
1 9 6 4 ) a n d t h e l e u c o p l a s t s s t u d i e d (MIKULSKA 1 9 6 0 , LICHTENTHALER — PEVELING 1 9 6 7 ) p l a s t s 
e q u a l l y p e r f o r m i n g a s s i m i l a t i n g a n d s t o r i n g f u n c t i o n s too we re d e t e c t e d (L E D B E T T E R — SA-
LEME 1 9 6 7 ) . 
T h e p r e s e n t paper g i v e s t h e de ta i l ed r e s u l t s o f i n v e s t i g a t i o n s o n Equisetum arvense 
shoots p e r f o r m i n g th ree d i f f e r e n t f u n c t i o n s . F r o m t h e r h i z o m e o f t h e p e r e n n i a l Equisetum 
f i r s t a b r o w n f e r t i l e shoo t o f h e t e r o t r o p h i c n u t r i t i o n p r o d u c i n g s p o r e s deve lops i n s p r i n g , t h e n 
s o m e w h a t l a t e r , a t t h e e n d o f M a y , a green v e r t i c i l l a t e a u t o t r o p h i c s te r i le s h o o t i s f o r m e d . 
Since the l i g h t m i c r o s c o p e s t u d i e s revea led d i f f e r e n c e s b e t w e e n t h e s h o o t s i n t h e s t r u c t u r e o f 
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t h e p r i m a r y c o r t e x u n d e r t h e e p i d e r m i s , we s u b j e c t e d t h i s t issue z o n e t o e l e c t r o n m i c r o s c o p e 
e x a m i n a t i o n s a n d s t u d i e d t h e s t r u c t u r a l c h a r a c t e r i s t i c s a n d d i f f e r e n c e s o f t h e p las ts . 
T h e t e s t m a t e r i a l t a k e n f r o m t h r e e d i f f e r e n t shoo ts was f i x e d i n a 2 per c e n t b u f f e r 
t r e a t e d p o t a s s i u m p e r m a n g a n a t e s o l u t i o n , t h e n e m b e d d e d i n a r a l d i t e . C o n t r a s t i n g w a s c a r r i e d 
o u t w i t h u r a n y l ace ta te a n d l e a d c i t r a t e . 
W e b e g i n o u r d i scuss ion w i t h t h e f i n e s t r u c t u r e o f t h e g reen s t e r i l e shoot . I n t h e c h l o -
r e n c h y m a o f t h e p r i m a r y c o r t e x t h e c y t o p l a s m o f t h e cel ls shows a f i n e n e t w o r k , b e s i d e t h e 
c h l o r o p l a s t s a l o n g t h e c e l l - w a l l s m a l l p r o p l a s t s a n d m i t o c h o n d r i a a r e f o u n d ( F i g . 1) . I n t h e 
g r a n u l a r c h l o r o p l a s t s o f h i g h l y d i f f e r e n t i a t e d s t r u c t u r e t h e s t r o m a - t h y l l a k o i d s r u n d o w n 
i n s h a r p c u r v e s ( F i g . 2). T o w a r d t h e e n d o f t h e a s s i m i l a t i o n , i n t h e a f t e r n o o n h o u r s , s t a r c h 
g r a i n s a p p e a r p u s h i n g t h e s t r o m a l a m e l l a e as ide . 
I n t h e p r i m a r y c o r t e x o f t h e y e l l o w i s h b r o w n f e r t i l e shoo t t h e c e l l nuc leus has a c e n t r a l 
p o s i t i o n . V a r i o u s size vacuo les d i v i d e t h e c y t o p l a s m i n t o t w o p a r t s : o n e s u r r o u n d i n g t h e n u c l e u s 
a n d t h e o t h e r l o c a t e d a l o n g t h e c e l l - w a l l ; t h e t w o p a r t s are c o n n e c t e d b y p l a s m - b r i d g e s . T h e 
p las t s a re m o s t l y f o r m e d r o u n d t h e nuc leus a n d o n l y ge t closer t o t h e c e l l - w a l l t h r o u g h t h e 
w i d e r p l a s m - b r i d g e s ( F i g . 3) . H e r e t h e i n t e r n a l m e m b r a n e s y s t e m o f t h e p l as t s has b u t s l i g h t l y 
d e v e l o p e d . H o w e v e r , bes ide t h e t h y l l a k o i d s p ressed t o one side o f t h e p l a s t s one or m o r e r a t h e r 
l a rge s t a r c h g r a i n s h a v e been f o r m e d ( F i g . 4 ) . T h u s , as regards t h e i r f i n e s t r u c t u r e t hese p l a s t s 
r e p r e s e n t a n i n t e r g r a d e , t h e so c a l l e d c h l o r o - a m y l o p l a s t . 
A s a c o m p a r i s o n w e e x a m i n e d t h e s t r u c t u r e o f t h e p r i m a r y c o r t e x i n an u n d e r g r o u n d 
o r g a n : t h e r h i z o m e . H e r e r o u n d t h e l a rge c e n t r a l v a c u o l e , i n t h e s p e c i a l l y f o r m e d c y t o p l a s m 
a l o n g t h e c e l l - w a l l l a rge l e u c o p l a s t s w e r e f o u n d w i t h w e l l d e v e l o p e d s t a r c h gra ins ( F i g s 5, 6) . 
A s t o t h e i r f i n e s t r u c t u r e , t h e l e u c o p l a s t s are p e r f e c t l y w i t h o u t s t r o m a a n d g r a n a l a m e l l a . 
S u m m i n g u p , as r e g a r d s t h e f u n c t i o n a n d s t r u c t u r e , t h e t h r e e d i f f e r e n t shoots o f Equise-
tum arvense c o n t a i n t h r e e d i f f e r e n t t y p e s o f p l a s t . W e t h i n k i t n e c e s s a r y t o emphas i ze t h a t t h e 
d i f f e r e n c e b e t w e e n t h e p las t s o f s t e r i l e a n d f e r t i l e s h o o t s is n o t s i m p l y o n e o f t he d e v e l o p m e n t 
s tage. I n t h i s case we h a v e t o s u p p o s e c e r t a i n b i o c h e m i c a l , or p o s s i b l y e v e n gene t i c f a c t o r s 
r e q u i r e d f o r t h e p i g m e n t f o r m a t i o n o f n o r m a l c h l o r o p l a s t s a n d c o m p l e t e d i f f e r e n t i a t i o n o f t h e 
i n t e r n a l m e m b r a n e sys tem t o b e m i s s i n g f r o m t h e so ca l led c h l o r o - a m y l o p l a s t s o f t h e f e r t i l e 
s h o o t . 
* 
P r e p a r e d a t t h e D e p a r t m e n t o f A p p l i e d B o t a n y a n d H i s t o g e n e s i s o f t h e E ö t v ö s L o r á n d 
U n i v e r s i t y , B u d a p e s t . 
P . GRACZA , L . FRIDVALSZKY 
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1. P a r t o f a green s te r i l e s h o o t of Equisetum arvense, w i t h ch lo rop las ts . (2800 x ) 
Fig. 2. Chlorop lasts w i t h s h a r p l y w i n d i n g s t r o m a t h y l l a k o i d s . (15,000 x ) 
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Fig. 3. P a r t o f a b r o w n f e r t i l e s h o o t o f Equisetum arvense, w i t h c h l o r o - a m y l o p l a s t s r o u n d t h e 
nuc leus . (2800 x ) 
Fig. 4. P a r t o f t h e f o r m e r , w i t h s t a r c h g r a i n s i n t h e c h l o r o - a m y l o p l a s t s r o u n d t h e n u c l e u s . 
( 1 5 , 0 0 0 X ) 
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Fig. 6. P a r t of the f o r m e r , w i t h s t a r c h g ra i ns s tored i n t h e leucop las ts . (15 ,000 x ) 
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S E R O L O G I C A L S T U D I E S O N T H E T O M A T O S T R E A K S T R A I N OF 
TOBACCO MOSAIC V I R U S 
Serological t e chn iques appear t o be of value in t h e s tudy of p l a n t viruses. Using t h e 
r a b b i t a s a n e x p e r i m e n t a l a n i m a l , M U L V A N I A ( 1 9 2 6 ) a n d B I R K E L A N D ( 1 9 3 4 ) , E N R I Q U E P E R E Z — 
ADSUAR (1954) , ALVAREZ — ACCATINO ( 1 9 6 2 ) p r e p a r e d s p e c i f i c a n t i b o d i e s of t o b a c c o m o s a i c 
vi rus ( R / l : 2/5 : E / E : S/ * ) and sugarcane mosaic v i rus ( * / * : Ж/ * : •*/ * : S/Ap). CHESTER 
(1936) sensitized gu inea pigs with t obacco mosaic virus. 
NEWTON —EDWARDS (1936) p roduced chicken a n t i s e r u m from Datura plants i n f e c t e d 
wi th po ta to virus X R / l : * /6 : E / E : S/Fu). 
B E A L E — L O J K I N ( 1 9 3 7 ) , D ' Y A C H E N K O — K H R U T S K I L ( 1 9 5 8 — 1 9 5 9 ) p r e p a r e d t o b a c c o 
mosaic virus a n t i s e r u m f rom horses. 
I n this r e sea rch serological s tud ies were carried o u t on the t o m a t o s t r eak strain of t o -
bacco mosaic virus.* These studies were made to e l abo ra t e a n ant iserum a g a i n s t the virus i n t o 
r abb i t s and chickens a n d to de t e rmine the condi t ions for m a x i m u m an t ibody f o r m a t i o n 
t h r o u g h changing t h e a m o u n t of pur i f i ed virus injected in t ravenous ly in to chickens or r a b b i t s . 
Tobacco be ing of in te rna t iona l economic i m p o r t a n c e was chosen for these s tudies o n 
the virus. 
To elaborate an ant i serum aga ins t the tomato s t r e a k strain of t obacco mosaic v i rus i n 
chickens and in r a b b i t s t he following procedure was fo l lowed: 
1. Pur i f i ca t ion of the t o m a t o s t reak strain of tobacco mosaic v i r u s from i n f e c t e d 
Nicotiana tabacum L. va r . angustifolia p lants . 
2. D e t e r m i n a t i o n of the di lu t ion end point of t h e d i f f e ren t f rac t ions ob ta ined dur ing t h e 
pur i f ica t ion processes of t he virus b y infec t iv i ty tests oil Nicotiana tabacum L. var . angustifolia. 
3. I m m u n i z a t i o n of chickens and rabbits a g a i n s t different doses of purified v i r u s 
prepara t ions . 
4. P rec ip i t a t ion tes ts with i m m u n e sera of ch i ckens and rabbi ts aga ins t heat -c lar i f ied 
v i rus prepara t ion a t d i f fe ren t di lut ions. 
Pur i f ica t ion of vi rus . A stock solution of pur i f ied v i r u s was p repa red as follows: 
1. Three h u n d r e d two-month -o ld seedlings of Nicotiana tabacum L . var . angustifolia, 
were inoculated w i t h t h e tomato s t r eak strain of t o b a c c o mosaic virus. T h e infected sap w a s 
applied by a b rush t o t he leaves d u s t e d with 600-mesh ca rborandum, as recommended b y 
RAWLINS—TOMPKINS (1936). The inocula ted leaves w e r e washed qu ick ly wi th tap w a t e r . 
A f t e r 20 days mosaic s y m p t o m s a p p e a r e d very clearly o n t h e non- inocula ted leaves. 
The infected tobacco leaves were collected, w a s h e d wi th distilled w a t e r and frozen f o r 
24 hours. 600 ml of ju ice was expressed b y grinding t h e f r o z e n leaves w i t h a pest le and m o r t a r , 
a n d t he sap was passed through a piece of cheesecloth. 
2. 500 ml of expressed infect ive sap from frozen t i s s u e was heated a t 55°C for 10 m i n u t e s 
t o coagulate p lan t res idues . 
3. The s u p e r n a t a n t was cen t r i fuged at 3000 r p m for 10 minutes t o t h row down h e a v y 
coagulum. 
4. The clar i f ied sap was u l t racen t r i fuged in a Sp inco Model L Cen t r i fuge at 144,000 g 
(40.000 rpm) for 60 m i n u t e s using 132 ml of the sap e a c h t i m e . 
5. The s u p e r n a t a n t was t e s t ed for the presence of t h e virus. The remain ing pellets a t 
the bo t tom of the t u b e were gelat inous, 1 cm in d i ame te r , n o t easily soluble in water, b u t w e r e 
crushed with a glass r o d . They were suspended in 13.2 m l of sterile dis t i l led water. Thus t h e 
* ESKAROUS — HABIB (1970) ident i f ied a severe d i sease of tomatoes (Lycopersicum escu-
lentum Mill, cul t ivar " M a r m a n d e " ) as t o m a t o streak, c a u s e d b y a single v i r u s which is p r o b a b l y 
due to a strain of tobacco mosaic v i rus . 
1 0 * Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
1 8 0 v a r i a 
virus suspens ion was 132 = 10 t imes as c o n c e n t r a t e d as t he original suspension. A trial 
to add 0.2 M phospha te bu f fe r solution at p H 7 .0 caused a white prec ip i ta te . 
6. T h e suspension of t h e v i rus in water w a s again centr i fuged a t 2000 rpm for 10 minu tes 
and the s u p e r n a t a n t which is t h e purified v i rus suspension was k e p t in ampoules in a freezer. 
7. T h e f ina l purified f r a c t i o n was e x a m i n e d under an e lec t ron microscope. V i r u s magni-
f icat ion was 48.000 times. 
I n f e c t i v i t y of the d i f f e r e n t fractions o b t a i n e d during t he purif icat ion process . For a 
de te rmina t ion of the infec t iv i ty of purif icat ion f rac t ions and pu r i f i ed virus p r e p a r a t i o n s on 
Nicotiana tabacum L. var. angustifolia, the fo l lowing dilution end po in t s were d e t e r m i n e d : 
a) D i lu t i on end point of un t rea ted sap f r o m infected t o b a c c o leaves. 
b) D i lu t i on end point of sap heated for 10 minutes , a t 55°C. 
c) D i lu t i on end point of sap heated a n d cen t r i fuged at 3000 r p m termed hea t -c la r i f ied 
infected sap . 
d) D i lu t i on end point of remaining pe l l e t s af ter u l t ra -cen t r i fuga t ion d i l u t e d to the 
original v o l u m e . 
e) D i l u t i o n end po in t of superna tan t o b t a i n e d from u l t r acen t r i fuga t ion process at 
40,000 r p m . 
f ) D i lu t i on end point of u l t r a cen t r i f uga t ed s ap after its cen t r i fug ing at 2000 r p m . 
Fo r a de te rmina t ion of t h e dilution end p o i n t of the infec ted sap at each s t e p of puri-
f icat ion, t h e s a p was diluted in tenfold di lut ions s t a r t i n g from 10— 1 t o 10 - 8 . The s a m e process 
was r epea ted us ing dilutions be tween the two f i n a l dilutions of e a c h fraction. E a c h di lut ion 
was inocu la ted in to a n u m b e r of heal thy Nicotiana tabacum L. v a r . angustifolia p l a n t s . The 
number of p l a n t s showing in fec t ion was d e t e r m i n e d and the pe rcen t age calculated. 
P r e p a r a t i o n of the a n t i s e r u m in ch icken . A n ant iserum w a s prepared b y successive 
in t ravenous in jec t ions in ch ickens with the a b o v e purified t o m a t o s t r eak s t r a i n of tobacco 
mosaic v i rus . 
1 ml of t he purified v i r u s preparat ion, 10 t imes as concen t r a t ed as the o r ig ina l virus 
suspension w a s injected in t r avenous ly into each of 3 chickens v a r i e t y Nechols each weighing 
about 1.75 kg . The inject ion w a s made into t h e ve ins which r u n a long the u n d e r su r f ace of 
the wing. T h e small fea thers were plucked, a n d t h e wing was w iped with a piece of cot ton 
dipped in a lcohol . The t ip of a 2 ml syringe wi th a t h i n size 16 needle was inserted i n t o t h e vein 
in the d i rec t ion of the base of t h e wing. Six i n j e c t i o n s were carried o u t a t 5 day i n t e rva l s . 
A t e s t bleeding was m a d e most c o m m o n l y 5 days af ter e a c h injection b y e x t r a c t i n g 
2.5 ml of b lood by heart p u n c t u r e . The blood w a s allowed to clot a t 4°C for 2 — 3 h o u r s . The 
separated s e r u m was cen t r i fuged a t 3000 r p m f o r 10 minutes, b y which clear a n t i s e r u m was 
obtained. T h e se rum was kep t in a refrigerator a f t e r the addit ion of a few drops of ch loroform. 
Successive f i v e bleedings a t 5 d a y intervals, a n d another three bleedings at 4 d a y in te rva ls 
af ter the l a s t in jec t ion were car r ied out. 
The a n t i s e r u m was t e s t ed against heat c la r i f i ed vi rus-conta ining sap di luted 1 : 10 and 
1 : 20. 
In r a b b i t s . 3 rabbi t s v a r i e t y Polish of a b o u t 2 kg each were used for p r e p a r i n g the 
ant iserum a g a i n s t the above pur i f ied tomato s t r e a k virus. They h a d fairly large e a r s with 
prominent ve ins . 
1 ml of t h e purified v i r u s preparat ion, 10 t imes as concen t r a t ed as the o r ig ina l virus 
suspension w a s injected in t r avenous ly into the r a b b i t . The inject ion was carried out as described 
by SMITH (1960). The in jec t ion was repeated 6 t i m e s a t 5 day i n t e rva l s within 25 d a y s . The 
f i rs t in jec t ion was given near t h e t ip of the ea r , each successive in jec t ion closer t o t h e base. 
5 days a f t e r t h e 1st inject ion, t h e rabbi t was b l ed f r o m the other ea r . Before bleeding, t h e ear 
was rubbed w i t h a small piece of cot ton dipped in xylene. A small c u t was then m a d e in the 
marginal ve in near the base of t h e ear, using a smal l very s h a r p scalpel. After t a k i n g 2 ml 
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of blood, the bleeding was s topped b y apply ing slight pressure , and the cu t sealed by a small 
q u a n t i t y of collodion dissolved in alcohol-ether . 
A test bleeding was made 5 d a y s a f te r each in jec t ion . 5 bleedings were carried out . 
W i t h i n the 12 days a f t e r t he last in j ec t ion , 3 more bleedings were carried out a t 4 day intervals . 
T h e blood was collected in a t u b e a n d lef t to clot for some hours a t 4°C. T h e separa ted serum 
w a s t hen centr i fuged a t 3000 r p m for 10 minutes . The se rum was tes ted aga ins t heat clarified 
v i rus-conta in ing sap d i lu ted 1 : 10 a n d 1 : 20. 
Precipi ta t ion tes t s on chicken se rum. The prec ip i ta t ion react ion be tween the t o m a t o 
s t r eak strain of tobacco mosaic virus a n d t he serum produced a f t e r each bleeding was carried ou t . 
Two sets each conta in ing a series of two-fold d i lu t ions of t he an t i se rum in 85% sodium 
chlor ide solution were p repared s t a r t i ng f rom 1 : 2 u p t o 1 : 1024. An equal vo lume of hea t -
c lar i f ied infected sap of the t o m a t o s t r eak strain of tobacco mosaic v i rus d i lu ted 1 : 10 a n d 
1 : 20 was added to each set. 
Four control m ix tu re s were p r e p a r e d : The f i rs t consis ted of a set of t ubes containing 
serial ly diluted se rum f r o m chicken in j ec t ed with the h e a l t h y puri f ied sap of tobacco leaves 
p lus hea t clarified infec ted sap of tobacco leaves di luted 1 : 20 and 1 : 10. The second con-
t a i n e d serum f rom a chicken which h a d no t been in jec ted w i t h a n y ant igen plus hea t clarified 
in fec ted sap of tobacco leaves d i lu ted 1 : 10 and 1 : 20. T h e th i rd conta ined serum f rom a 
ch icken which had no t been in jec ted wi th any an t igen , p lus hea t clarif ied hea l thy sap of 
t obacco leaves d i lu ted 1 : 10 and 1 : 20. The four th cont ro l conta ined an t i s e rum plus hea t -
c lar i f ied heal thy tobacco sap di luted 1 : 10 and 1 : 20. The con t en t s of each t u b e of the above 
se t s were mixed by brief shaking. The lower half of the c o n t e n t s of the tubes was immersed in 
a wa t e r ba th ad ju s t ed a t 50 —55°C and t he tubes were k e p t for one hour . 
Arb i t ra ry un i t s were given to des ignate the degree of p rec ip i ta t ion as follows: + + + + 
v e r y high prec ip i ta t ion , + + + high precipi ta t ion, -)--)- m o d e r a t e p rec ip i ta t ion , -)- slight 
prec ip i ta t ion , ± t r ace of precipi ta t ion, a n d — no prec ip i ta t ion . 
Precipi ta t ion tes t s on rabb i t se rum. The same p rocedure as above was followed in t h e 
case of rabbi t serum. 
A trial to increase the a m o u n t of v i rus injected i n to chickens and r a b b i t s was made . 
T w o ml of purif ied v i rus p repara t ion 10 t imes as concen t r a t ed as the original suspension 
was in jec ted in t ravenous ly in to chickens a n d rabbi t s using t he same above-ment ioned technique 
excep t for increasing t h e a m o u n t of inoculum to 2 ml ins tead of 1 ml each t ime . 
Purif icat ion of v i rus . Elect ron micrographs of the pur i f i ed p repa ra t ion of virus di luted 
1 : 20 and magnif ied 48,000 t imes, showed t h a t virus par t ic les appear in t he fo rm of needles 
measu r ing approx ima te ly 156—313 mill imicrons in length. 
Infec t iv i ty of t he d i f ferent f r ac t ions obtained dur ing t he pur i f ica t ion process. P l an t 
u n d e r tes t : Nicotiana tabacum L. va r . angustifolia (Table 1 a n d Fig. 1). 
The un t r ea t ed infected sap con ta in ing tomato s t r eak v i rus can re t a in i ts infect ivi ty 
a t d i lut ions up to 1 : 10,400,000. 
The infect iv i ty of the hea ted sap is slightly decreased. The di lu t ion end point is 
1 : 2,200,000. 
The heated cen t r i fuged sap is s l ight ly less infective t h a n t he uncen t r i fuged heated sap . 
T h e di lut ion end po in t of the hea ted cen t r i fuged sap is 1 : 2,200,000. 
The dilution end point of t he pur i f i ed u l t racent r i fuged sap is 1 : 1,200,000, indicat ing 
t h a t there is no great loss of the virus as only a small a m o u n t of v i rus part icles is still suspended 
in t h e supe rna tan t solut ion. The in fec t iv i ty of this s u p e r n a t a n t is very low hav ing a dilution 
end po in t of 1 : 1,400. 
The dilution end po in t of the u l t r acen t r i fuga ted f r a c t i o n remains cons t an t a f te r simple 
cent r i f iga t ion (Table 1). 
In the f igure t he percentage of p l a n t s showing infec t ion is p lo t ted agains t dilution. 
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P r e c i p i t a t i o n tes t s o n chicken s e rum in j ec t i on of the pur i f i ed t o m a t o s t r e a k v i rus into 
t h e b lood s t r e a m of a ch i cken resul ted in t h e p roduc t ion of specif ic an t i s e rum. 
T h e an t ibody o p t i m u m was o b t a i n e d 5 d a y s a f te r t h e 4 t h in j ec t ion ; in o t h e r words 
20 d a y s a f t e r the 1st i n j e c t i o n . The r e a c t i v e an t i s e rum gave t i t r e s u p to 1 : 64 w h e n t r ea ted 
aga ins t v i rus -con ta in ing s a p a t d i lu t ions of 1 : 10 and 1 : 20. T h e se rum end t i t r e remained 
near ly c o n s t a n t for 9 d a y s w h e n it began t o decrease g radua l ly . 
5 
DILUTION 
Fig. 1. D i lu t i on end p o i n t of d i f fe ren t f r a c t i o n s ob ta ined d u r i n g t h e p u r i f i c a t i o n process of 
t h e t o m a t o s t reak s t r a in of t obacco m o s a i c v i rus (1 = U n t r e a t e d infec ted s a p , 2 = Infec ted 
h e a t e d s a p , 3 = H e a t e d c e n t r i f u g a t e d s a p , 4 = U l t r a c e n t r i f u g a t e d sap , 5 = S u p e r n a t a n t of 
u l t r a c e n t r i f u g a t e d s a p , 6 = U l t r a c e n t r i f u g a t e d f r ac t ion a f t e r s imple c e n t r i f u g a t i o n ) 
T h e resul ts of t h e p rec ip i t a t ion t e s t s a r e summar ized in Tab le 2. 
T h e f i r s t control w h i c h con ta ined s e r u m f r o m chicken i n j e c t e d w i t h h e a l t h y pur i f ied 
sap s h o w e d a slight p r e c i p i t a t e u p to 1 : 16 w h e n tobacco sap d i lu ted 1 : 10 a n d 1 : 20 was 
a d d e d . T h e th ree o ther con t ro l s showed n e g a t i v e results . 
P r e c i p i t a t i o n t e s t s on r a b b i t s e r u m . T h e in jec t ion of t h e pur i f i ed t o m a t o s t r eak s t ra in 
of t o b a c c o mosaic v i rus i n t o t h e blood s t r e a m of a r abb i t r esu l ted in the p r o d u c t i o n of a specific 
a n t i s e r u m . T h e an t ibody o p t i m u m was o b t a i n e d 5 days a f t e r t h e 4 t h in j ec t ion , in o t h e r words 
20 d a y s a f t e r the 1st i n j e c t i o n . The r e a c t i v e an t i s e rum gave t i t r e s u p to 1 : 512 w h e n tes ted 
a g a i n s t v i rus -con ta in ing s a p d i lu ted 1:10. T h e se rum end- t i t r e r e m a i n e d c o n s t a n t fo r 13 days 
t h e n i t b e g a n to decrease. 
T h e resul ts of p r ec ip i t a t i on tes t s a r e s u m m a r i z e d in Tab le 3. 
T h e specific p r ec ip i t a t e s ob ta ined w i t h th i s group of v i ruses were of t h e r a p i d l y forming 
open f l occu l en t ' H ' t y p e c o m m o n l y p r o d u c e d b y rod-shaped v i ruses such as t h o s e of TMV. 
All controls gave negative results 
Inc reas ing the a m o u n t of v i rus i n j e c t e d in to chickens did n o t g rea t ly a l t e r t h e a n t i b o d y 
o p t i m u m or the serum e n d t i t r e . Resu l t s a r e summar ized in T a b l e 4. 
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Increas ing the a m o u n t of v i rus injected i n to rabbi t s led t o a n appreciable i n c r e m e n t 
of the a n t i b o d y op t imum and s e r u m end titre. Resu l t s are summar ized in Table 5. 
The se rum end t i t res of chickens and r a b b i t s injected wi th 1 ml and 2 ml of pur i f i ed 
t oma to s t r eak virus are represen ted in Fig. 2. 
Table 1 
Dilution end-point of ultracentrifuged fraction after simple centrifugaiion 
Tested plant : Nicotiana tabacum L. var, angustifolia 
Dilution 
No. of plants 
inoculated 
No. of plants 
showing symptom 
% of p lan t s 
showing 
in fec t ion 
Supernatant di-
luted to the 
original di lut ion 6 6 100 
10" 1 5 5 100 
i o - 2 6 6 100 
1 0 - 3 6 5 83.33 
10"4 5 3 60 
i o - 5 6 2 33.33 
ю - « 5 1 20.00 
i o - ' 6 — 0 
10" 8 7 
-
0 
2 X 10-« 6 — 0 
3 X IO"8 6 — 0 
4 X 10~6 5 
-
0 
1 : 1,200,000 8 — 0 
1 : 1,400,000 7 — 0 
1 : 1,600,000 7 — 0 
1 : 1,800,000 7 
— 
0 
I t was noticed tha t t he s e rum end-t i t re in case of rabbi ts was usually higher t h a n t h a t 
in chickens. 
The in t ravenous in jec t ion of the purif ied t o m a t o streak s t r a i n of tobacco mosa ic v i rus 
into the blood s t ream of a ch icken or rabbi t resu l ted in the p roduc t ion of a specific a n t i s e r u m . 
The an t i s e rum reacted posi t ively w i t h the heat -c lar i f ied infected s ap di luted 1 : 10 a n d 1 : 20.  
These resul t s are in agreement w i t h those of ALVAREZ — ACCATINO (1962) who p r e p a r e d an 
ant iserum aga ins t Nicotiana v i r u s 1 b y the i n t r avenous injection of r a b b i t s with pur i f ied v i rus 
f rom diseased tobacco plants . 
NEWTON—EDWARDS (1936) used chickens ins tead of r abb i t s fo r the p repara t ion of au 
an t i se rum aga ins t po ta to v i rus X obta ined f r o m t h e sap of infec ted Datura meteloides L . and 
Datura stramonium L. p lants . 
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In our s t ud i e s i t was found t h a t the virus an t i gen of the tomato s t r e a k strain of tobacco 
mosaic virus is h igh ly precipitogenic. On the other h a n d the heal thy t o b a c c o proteins h a v e a 
v e r y low order of antigenici ty w h e n in jec ted into ch ickens but nearly no ant igenic p roper t i e s 
i n the case of r a b b i t s . This ind ica tes t h a t the virus is near ly completely f reed from the an t i -
Table 2 
Precipitation tests with antiserum from chicken injected with 1 ml of purified sap concentrated 
10 times as much as original dilution. 
Tests carried out at 5-day intervals with heat clarified sap diluted (1 : 10) and (1 : 20) 
Bleeding 
a f te r 
(days) 
Di lu t ion 
of v i ru s 
in sal ine 
Dilution of an t i se rum and degree of prec ip i ta t ion 
1 : 2 1 : 4 1 : 8 1 : 16 1 : 32 1 : 64 1 : 128 1 : 256 1 ; 512 1 : 1024 
5 1 : 1 0 
1 : 2 0 
- — — 
- — - — — - — 
1 0 1 : 1 0 
1 : 2 0 
- — — 
- — 
- - — — — 
1 5 1 : 1 0 + + + ± 
1 : 2 0 + + + + + ± — - - — - — 
2 0 1 : 1 0 + + + + + + + + + + + ± ± — — 
1 : 2 0 + + + + + + + + + ± — - — 
2 5 1 : 1 0 + + + + + + + + + + + + ± ± ± — 
1 : 2 0 + + + + + ± ± - - — - — 
2 9 1 : 1 0 + + + + + + + + + + + + ± ± ± — 
1 : 2 0 4 — H + + + + + + + + + ± ± ± — 
3 3 1 : 1 0 ++ + + + + + + + ± ± — — 
1 : 2 0 + + + ± - - — - — 
3 7 1 : 1 0 ++ + + + + + + — — — — — 
1 : 2 0 + + + + + + ± — — — 
-}—I—1-+ t o + falling degrees of precipitat ion 
± = t r ace of precipitation 
— = no precipi ta t ion 
genie cons t i tuents of normal p l a n t s b y the use of t h e u l t racent r i fuge m e t h o d of pur i f ica t ion . 
T h i s method a t t h e same time caused no great loss of t h e virus, as i n d i c a t e d b y the in fec t iv i ty 
t e s t s carried o u t fo r each fract ion. 
CHESTER (1936) found t h a t t h e ant igen of t obacco mosaic virus is h igh ly precipi togenic 
b u t the heal thy t obacco protein c o m p l e x has a ve ry low order of an t igen ic i ty . 
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Table 3 
Precipitation tests with antiserum from rabbit injected with 1 ml of purified sap concentrated 10 times 
as much as the original dilution. Tests carried out at 5-day intervals with heat clarified sap diluted 





































5 1 : 10 
1 : 20 
10 1 : 10 
1 : 20 
15 1 : 10 + + + ± ± ± 
1 : 20 + + + ± ± ± 
20 1 : 10 ++ ++ ++ + + + + ++ + + + ± - — — -
1 : 20 ++ ++ ++ + + + + + + ± ± - — — — — 
25 1 : 10 +++ ++ ++ + + + + + + + + ± - — — — 
1 : 20 ++ - j — h ++ + + + ± — — - - — — — 
29 1 : 10 +++ +++ ++ ++ + + + + + ± — — — -
1 : 20 +++ ++ ++ ++ + + + + + - - — — — 
33 1 : 10 +++ +++ +++ + + + + + + + ± - — — — 
1 : 20 +++ ++ ++ + + + + + + + - - — — — 
37 1 : 10 + + ++ ++ + + + + + + ± - - — — 
1 : 20 ++ + + ± ± 
-f-H—I—(- t o -f- are fa l l ing degrees of prec ip i ta t ion . 
± = t r ace of precipi ta t ion. — = no prec ip i ta t ion 
In our s tud ies it was f o u n d t h a t the serum e n d t i t re as d e t e r m i n e d by prec ip i ta t ion t e s t s 
increases on increasing the dose of purif ied v i rus i n j ec t ed into ch ickens or rabbits. I t w a s also 
noticed t h a t t h e serum end t i t r e is usually higher in t he case of r a b b i t s t h a n chickens. 
This s tock mater ia l of r a b b i t and chicken serum served as a quick method fo r t h 
ident i f ica t ion of t he tomato s t r e a k s t ra in of t obacco mosaic virus. 
+ 
P r e p a r e d a t the D e p a r t m e n t of Botany, F a c u l t y of Science, Un ive r s i ty of Cairo, Cairo. 
J . K . E S K A R O U S , H . M . H A B I B 
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T a b l e 4 
Precipitation tests with antiserum from chicken injected with 2 ml of purified sap concentrated 10 times 
as much as the original dilution. 




Di lu t ion 
of v i ru s 
in sal ine 
Dilution of an t i se rum a n d degree of p rec ip i ta t ion 
1 : 2 1 : 4 1 : 8 1 : 16 1 : 32 1 : 64 1 : 128 1 : 256 1 : 512 1 : 1024 
5 1 : 1 0 
1 : 2 0 
1 0 1 : 1 0 + + + + + + + + + + — — — — — 
1 : 2 0 + + + + + + + + ± — — - — 
1 5 1 : 1 0 + + + + + + + + + + + + ± — — - — 
1 : 2 0 + + + + + + + + + + + + ± — — - — 
2 0 1 : 1 0 + + + + + + + + + + + + ± — — — — 
1 : 2 0 + + + + + + + + + + - F + ± - — - — 
2 5 1 : 1 0 + + + + + + + + + ++ + + — — — 
1 : 2 0 + + + ++ + + + + ++ + + + + — - — 
2 9 1 : 1 0 + + + + + + + + + ++ + + + + — - — 
1 : 2 0 + + + + + + + + + ++ + + + + — - — 
33 1 : 1 0 + + + + + + + + + + + + + — — — 
1 : 2 0 + + + + + + + + + + + + + — - — 
37 1 : 1 0 + + + + + + ± - — — - — 
1 : 2 0 "1—г 
- г ~ г ± — — — — 
- j — I — t o falling degrees of precipitation 











Fig. 2. Serum e n d t i t res of chickens a n d rabbi ts i n j e c t e d with 1 ml a n d 2 m l of purified t o m a t o 
s t reak s t r a i n of tobacco mosa ic virus 
T a b l e 5 
Precipitation tests with antiserum from rabbit injected ivith 2 ml of purified sap concentrated 10 times as much as the original dilution. 
Tests carried out at 5-day intervals with heat clarified sap diluted (1 : 10) and (1 : 20) 
Dilution of an t i se rum and legree of precipitat ion 
Bleeding 
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+ 4- + + t ° + a r e falling degrees of precipitat ion 
± = trace of precipi tat ion 
— = no precipi tat ion 
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P H Y S I O L O G I C A L S T U D I E S O N SALT T O L E R A N C E IN P I S U M SATIVUM (L. ) 
I I . Mechanism of salt action d u r i n g germinat ion 
I t was r epor t ed in our p rev ious paper (UPRETY—SARIN 1974) t h a t in two var ie t i es of 
Pisum sativum soil salinity af fects germinat ion , seedl ing survival and seedl ing growth adve r se ly 
while an appl ica t ion of phosfon-D amel iorates these deleterious responses . Salt damage d u r i n g 
germinat ion was repor ted to be b r o u g h t about by t h e osmotic i nh ib i t i on of water a b s o r p t i o n 
or by the accumula t ion of the c o n s t i t u e n t ions of sal ine media a n d / o r b y the change in t h e 
metabol ism (BERNSTEIN — HAYWARD 1958). Howeve r , these conclusions on the m e c h a n i s m 
of salt action were based on e x p e r i m e n t s carried o u t a t wha t may be t e r m e d as an ' a d v a n c e d 
s tage ' of ge rmina t ion bacause i n v a r i a b l y the seeds were designated as ' ge rmina ted ' when t h e y 
showed a measurab le length of radic le and p lumule . MAYER—POLJAKOFF —MAYBER (1963) 
demons t r a t ed t h a t a large var ie ty of changes s t a r t t a k i n g place in t he seeds immediate ly a f t e r 
t h e y imbibe wa te r and the s u b s e q u e n t growth of t he e m b r y o is the consequence of these c h a n g -
es. Fu r the r , BONNER (1950) be l ieved t h a t dur ing germina t ion m a r k e d changes occur red in 
t h e na tu re and disposi t ion of t he n i t rogen compounds of seeds which l ed to the g e r m i n a t i o n 
process. I t was t h u s apparen t t h a t sa l t damage on germina t ion can be achieved by i nves t i ga t -
ing the changes in ni t rogenous c o n s t i t u e n t s immedia te ly a f te r the h y d r a t i o n of the seeds. 
Thus in t he present series of invest igat ion seeds of Pisum sativum (L.) var . ' Vares' 
were examined for t h e changes in t he i r ni trogenous cons t i tuen ts a t t h e in i t ia l stages of ge rmi -
na t ion . F u r t h e r , t he s tudy of these changes, on seeds sown in phos fon-D t rea ted salinized soil 
will provide conclusive evidence for t he precise e f fec t s of soil sal ini ty d u r i n g germinat ion b y 
reconf i rming t he responses on revers ing the salt s t ress . I t will also b e helpful in p r o v i d i n g 
in format ion on how the effect of phos fon -D was m e d i a t e d in inducing t h e sal t tolerance d u r i n g 
germinat ion . 
Seeds of Pisum sativum (L.) v a r 'Fares' were sown in petridishes according to t he t e c h -
n ique out l ined in t he previous pape r . Only three series of petridishes w e r e mainta ined c o n t a i n -
ing a) Unsalinized soil (Electrical Conduc t iv i ty (E. C.) b ) Salinized soil ( E . C. of soil s a t u r a t i o n 
ex t r ac t was 8.0 mmhos /cm. a t 25°C) a n d c) Salinized soil t reated wi th phosfon-D (16 mg . pe r 
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300 g of salinized soil), because o n l y an applicat ion of phosfon-D was successful in amel io ra t ing 
the adverse e f fec t of soil sal inity o n germination a n d seedling growth . 
A d e q u a t e samples of seeds were collected a t 1, 6, 12, 18, 24 a n d 30 hours a f te r sowing 
f rom each t r e a t m e n t . The samples were analysed fo r t o t a l nitrogen b y t h e colorimetric m e t h o d 
of SNELL—SNELL (1949) , p r o t e i n n i t r o g e n a c c o r d i n g t o t h e m e t h o d of THIMANN — LALORAYA 
(1960), pep t ide a n d amide n i t rogen b y BRADY'S m e t h o d (1961), amino n i t rogen by t he m e t h o d 
o f L E E — T A K A H A N S H I ( 1 9 6 6 ) a n d p r o t e o l y t i c a c t i v i t y b y Y E M M — C O O K I N G ' S m e t h o d ( 1 9 5 5 ) .  
All the d a t a excep t those of p ro t eo ly t i c act ivi ty were expressed as a percentage of t he d ry 
weight of t he t i ssue . 
Besul ts on the influence of soil salinity a n d phosfon-D on v a r i o u s nitrogen fo rms a n d 
protolytic a c t i v i t y are presented in Table 1. 
I t was observed tha t t h e sal inization of t h e soil brought a b o u t a marked reduc t ion in 
t he total n i t rogen content of seeds and this r e d u c t i o n was a p p a r e n t 12 hours a f te r sowing 
b u t cont inued for t he rest of t h e exper imenta l pe r iod . An appl icat ion of phosfon-D to t h e soil 
resulted in an increase in to ta l n i t r ogen and th is e f fec t was marked on ly a t 24 and 30 hours 
af ter sowing. 
The sa l in izat ion of the soil decreased the p r o t e i n nitrogen of t h e seeds and this response 
was again only observed 12 hours a f t e r sowing a n d l a t e r . The phosfon-D t r e a t m e n t to sal inized 
soil, however, increased this c o n s t i t u e n t from 12 h o u r s u p to 30 hours a f t e r sowing. 
Similar t o t o t a l and p ro t e in nitrogen, soil sa l in i ty also caused a decrease in t he pep t ide 
nitrogen level of seeds t h r o u g h o u t t he exper imenta l period, 12 hours a f t e r sowing, while t h e 
phosfon-D t r e a t m e n t caused a n improvemen t 18 h o u r s af ter sowing. Seeds sown in salinized 
soil showed considerable e n h a n c e m e n t in their a m i d e ni trogen level t h r o u g h o u t the exper imen-
t a l period. T h e phosfon-D t r e a t m e n t appreciably r e d u c e d the amide n i t r ogen content of seeds. 
I t was observed t h a t the amide n i t rogen content of seeds decreased w i t h the increase in t h e 
hours af ter sowing in all the t r e a t m e n t s . Similar t o amide ni t rogen, soil salinity caused an 
appreciable increase in the a m i n o n i t rogen con ten t of seeds. The increase was marked a t l a te r 
stages i. e. 18, 24 and 30 hours a f t e r sowing. Seeds sown in phosfon-D supplied salinized soil 
showed a m a r k e d reduction in t h e i r amino-ni t rogen level f rom 6 to 30 h o u r s af ter sowing. 
Soil sa l in i ty considerably increased the p ro t eo ly t i c act ivi ty of seeds. This e n h a n c e m e n t 
was manifes ted 6 hours after sowing a n d continued t h r o u g h o u t the e x p e r i m e n t a l period. F u r t h e r 
t he applicat ion of phosfon-D m a r k e d l y suppressed t h e salinity induced increase in the pro teoly-
t ic act ivi ty of seeds. 
I t was also observed t h a t t h e amino n i t rogen con ten t and p ro t eo ly t i c act ivi ty of seeds 
increased w i t h t i m e in all the t r e a t m e n t s . 
The inves t iga t ions c o n d u c t e d during the in i t i a l stages of g e r m i n a t i o n (1 to 30 hours) 
to unders t and t h e physiological channe l s of the a d v e r s e effect of soil sa l in i ty and its amel iora-
t ion by phos fon -D revealed t h a t soil salinity depressed the to ta l n i t rogen , protein, n i t rogen 
and peptide n i t rogen contents b u t increased the a m i d e nitrogen, amino n i t rogen and pro teo ly t ic 
act ivi ty of seeds even before t h e in i t ia t ion of p l u m u l e and radicle. T h e adverse effect of soil 
salinity on t o t a l nitrogen, p r o t e i n ni trogen and p e p t i d e nitrogen of seeds was not d i s t inc t ly 
observed when t h e seeds were s o w n in soil supplied w i t h phosfon-D. Similar ly the app l i ca t ion 
of phosfon-D to salinized soil also lowered the salt i nduced enhancemen t in proteolytic ac t iv i ty , 
accumulat ion of amino acids a n d amide ni trogen of seeds even be fo re t he emergence of t h e 
radicle. 
I t was. therefore , conc luded t h a t salt d a m a g e at ' initial s t ages of germinat ion ' was 
centered a r o u n d t he changes in t h e protein m e t a b o l i s m of the seeds. The fact t h a t sa l in i ty 
lowered the level of not only t h e p ro t e in nitrogen b u t also the pep t ide f r ac t i on suggested t h a t 
there was an inhib i t ion in p ro te in synthesis. F u r t h e r , a salt induced s t imu la t ion of p ro teo ly t i c 
act ivi ty ind ica ted a faster hydro lys i s of proteins. T h e th inking t h a t sa l t i n j u r y was man i f e s t ed 
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Table 1 
Interactive effect on phosfon-D and soil salinity on the nitrogen forms 
and proteolytic activity of pea seeds (var. vares) 
Hours a f t e r 
sowing 
Total n i t rogen, о/ /о Pro te in nitrogen, % Pept ide nitrogen, % 




l 5.00 5.03 5.00 4.11 4.10 4.10 0.55 0.55 0.53 
6 4.52 4.23 4.30 3.18 3.00 3.00 0.50 0.50 0.45 
12 5.25 4.70 4.80 4.00 3.30 4.00 0.65 0.54 0.58 
18 5.23 4.69 4.80 4.00 3.50 4.00 0.68 0.52 0.62 
24 5.50 4.80 5.00 4.78 3.50 4.52 0.60 0.45 0.55 
30 5.50 4.80 5.20 4.90 3.82 4.60 0.61 0.46 0.52 
Hours A f t e r 
sowing 
Amide ni t rogen, % Amino nitrogen, % 
Proteolyt ic act ivi ty m g . 
Ieucine/100 g fresh wt / h r 
A в с А в с A в с 
l 0.081 0.080 0.079 0.23 0.23 0.23 130 131 136 
6 0.044 0.071 0.064 0.30 0.40 0.35 180 247 200 
12 0.038 0.054 0.050 0.32 0.47 0.40 235 370 250 
18 0.030 0.059 0.040 0.35 0.49 0.40 260 470 300 
24 0.031 0.051 0.041 0.40 0.60 0.48 300 567 332 
30 0.032 0.056 0.040 0.45 0.69 0.50 315 600 350 
A — Seeds sown in unsal inized soil 
В — Seeds sown in salinized soil 
С — Seeds sown in salinized soil t rea ted wi th phosfon-D 
bo th in a lowered synthesis a n d an enhanced hydrolys is of protein w a s fu r the r suppor ted b y 
the observed accumula t ion of a m i n o ni t rogen in seeds sown in salinized soil. These obse rva t ions 
indicated t h a t p robab ly the sa l in i ty i n j u r y a t a d v a n c e d stages of g e r m i n a t i o n was m e d i a t e d 
t h rough t h e scarc i ty of pro te ins dur ing the ini t ial s tages of ge rmina t ion . The present r e su l t s 
also ind ica ted t h a t the amel iora t ive influence of phosfon-D on ge rmina t ion was p r e s u m a b l y 
channell ized t h r o u g h the m a i n t e n a n c e of the pro te in levels. Fu r the r , t h e f ac t t ha t p h o s f o n - D 
not only improved the level of p ro te ins and pept ides b u t also decreased t h e proteolytic a c t i v i t y , 
suggests t h a t i ts influence on es tabl i sh ing an a d e q u a t e level of p ro te ins can be explained b o t h 
by i ts suppor t ing protein syn thes i s a n d by its p ro tec t ing their hydrol is is . 
A C K N O W L E D G E M E N T S 
The a u t h o r s are highly i n d e b t e d to dr. H. K . J a i n , Head of t h e Division of Gene t ics , 
for facili t ies a n d t o dr. Y. P. Abrol for the help dur ing t he p repara t ion of t h e manuscr ip t . 
* 
P r e p a r e d a t the Ind i an Agr icu l tura l Research Ins t i tu te , New Delh i 
D . C . U P R E T Y , M . N . S A R I N 
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T I S S U E C O N T E N T O F N P K AND Mn I N A M E R I C A N C O T T O N AS 
A F F E C T E D BY M O I S T U R E T E N S I O N S A N D F E R T I L I Z A T I O N 
The i m p o r t a n c e of adequa te n i t rogen fert i l i ty a n d soil moisture in co t ton p roduc t i on 
is well established. However , the response of cotton to n i t r o g e n fer t i l izat ion is largely d e p e n d e n t 
on t he level of soil mois tu re (SCARSBROOK et al. 1959). 
The solubil i ty of the nut r ien ts p resen t in the soil d e p e n d s a great dea l on the avai lab i l i ty 
of mois ture and consequent ly the abso rp t i on of nu t r i en t s would be a f fec ted b y the concen t ra -
t ion of the soil solut ion. The d i s t r ibu t ion of irrigation w a t e r should t h u s be so designed as t o 
m a i n t a i n a proper equi l ibr ium of soil solut ion in the roo t zone a t all the s t ages of crop g r o w t h . 
Obviously an excess of water does n o t only amount t o a wastage b u t m a y leach down t h e 
nu t r i en t s as well. 
Since the mo i s tu re in the roo t zone and nitrogen fe r t i l i ty are re la ted t o the growth a n d 
yield of every crop a s tudy was u n d e r t a k e n to e v a l u a t e t he absorpt ion of N P K and Mn in 
co t ton as affected b y di f ferent mois tu re stresses and n i t r ogen supply. 
The expe r imen t was conduc ted a t Haryana Agr icu l tu ra l Un ive r s i t y , Hissar ( I n d i a ) 
on sandy loam soil. Cot ten was grown u n d e r combinat ions of three soil m o i s t u r e tensions be fo re 
f lowering (t) and t h r e e soil moisture tens ions after f i rs t f lower ing (t). The t h r e e moisture t ens ions 
represented by 25, 50 a n d 75 per cen t depletion of ava i l ab l e soil mois ture indicated the s t a g e 
of applicat ion of w a t e r . The field c a p a c i t y of the soil was 16.0 per cent a n d t h e wett ing coef f i -
cient was taken to be nearly 1/3 of t h e field capaci ty . T h e plots were f lood irrigated a t t h e 
p roper t ime. 
Each i r r igat ion plot was d iv ided into 3 subp lo t s a n d nitrogen was applied a t 0, 60 
a n d 120 kg N/ha t h r o u g h C A N (20.5 per cent N). T w o replications were used for chemica l 
analysis . A basal dose of 21.8 kg P -j- 41.5 kg K/ha was dri l led before i r r igat ion and actual c o t t o n 
sowing. The crop was sown on Apri l 20, 1967. Dates of irr igation corresponding to the soil 
mois ture tensions are given in Table 1. 
Recent ly m a t u r e d leaves 4 th f r o m the apex on t h e m a i n axis t a k e n f r o m 20 r a n d o m l y 
selected plants a t t w o stages one a f t e r the pre-f lowering irrigation schedule and the o t h e r 
a f t e r the post- f lowering irrigation schedule were a n a l y s e d for to ta l n i t rogen , phosphorus , 
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potassium a n d manganese. T o t a l nitrogen was e s t ima ted by t h e inicro-kjeldahl m e t h o d and 
phosphorus b y the v a n d a t e m e t h o d . Potash w a s es t imated on a f l ame pho tome te r in triple 
acid digest a n d manganese b y the dry ash ing-per ioda te m e t h o d as outlined b y CHAPMAN — 
PRATT ( 1 9 6 1 ) . 
1st sampl ing . The d a t a on the effects of i r r iga t ion and n i t rogen application on t h e chemi-
cal compos i t ion of the co t ton leaf have been i n c o r p o r a t e d in tab les . 
As t h e second set of mo i s tu re regimes h a d n o t been i n t r o d u c e d by the t ime of t he first 
sampling o n l y the N Table is presented for t h e N , P , К and m a n g a n e s e content of t h e leaf at 
this s tage. 
N i t r o g e n appl icat ion signif icantly inc reased the N concen t ra t ion sampled i n t he leaf 
f rom 2.82 p e r cent under 0 k g N/ha to 3.14 p e r cen t under 120 kg N. The effect was broadly 
Table 1 
Actual dates of irrigation 
Before flowering A f t e r f lower ing 
»1 »3 4 »2 *з 
12/6 12/6 12/6 5/8 5/8 
11/7 12/8 20/8 12/8 
22/7 22/7 29/7 20/8 7/9 






4 2 2 9 5 2 
related to t h e dose of n i t rogen applied. The pe r c e n t P content decreased with each increment 
of ni trogen, f r o m 0.51 per c e n t P under 0 kg N / h a to 0.466 u n d e r 120 kg N. H o w e v e r , the 
concent ra t ion of potassium increased from 1.99 t o 2.10 per cen t w i t h the increasing dose of 
nitrogen f r o m 0 to 120 kg N / h a . The per cent M n con ten t in the leaf increased f r o m 137.6 ppm 
to 142.6 p p m wi th an increase in nitrogen s u p p l y f r o m 0 to 60 kg N / h a ; bu t a f u r t h e r increase 
in N app l ica t ion i. e. from 60 t o 120 kg/ha adve r se ly affected Mn concen t ra t ion which decreased 
f rom 142.6 t o 122.4 ppm. 
The increase in mois tu re tension f rom t ( t o t 3 during the pre-f lowering period increased 
the ni t rogen con ten t of t he leaf f rom 2.99 to 3 .13 per cent. The increase in mo i s tu re tension 
from t , t o t 2 dur ing the pre-f lowering period w a s reflected in a h igher P content of t h e leaf. 
But a f u r t h e r increase in m o i s t u r e tension i. e. f r o m t 2 to t 3 severely reduced the P concen t ra -
tion. Since t h e p lan t growth was low at the t 3 m o i s t u r e level, t h e P u p t a k e was so a f f e c t e d as 
to bring d o w n P percentage f r o m 0.527 to 0.454. 
The increase in mois tu re tension dur ing t h e pre-flowering s tage was found to have a 
depressing e f f ec t on the К concen t ra t ion in leaf t issues . 
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The increase in mois ture tens ion f rom t j to t 2 decreased the Mn con ten t of the leaf f r o m 
133.9 to 129.3 p p m b u t a f u r t h e r increase in the mois tu re tension f rom t 2 t o t 3 increased i t t o 
139.5 ppm. The re was no indica t ion of any in te rac t ion ef fec t of N x t on t he concent ra t ion of 
N P K and Mn in t he tissues. 
2. Sampl ing . Ni t rogen appl ica t ion significantly increased t he n i t rogen concen t ra t ion 
in the leaf a n d t h e increase was commensura t ed wi th n i t rogen applied. A higher moisture s t r e s s 
main ta ined dur ing t he pref lower ing period also showed an i m p r o v e m e n t in the n i t r o g e n 
content bu t t h e effect was s ignif icant a t the t , t r e a t m e n t . Medium and high moisture t ens ions 
main ta ined dur ing the f lowering cum f ru i t ing period also raised the N percentage in t he leaf , 
t r e a t m e n t t'9 be ing t he best in th i s regard . F rom a m o n g t h e various combinat ions of t a n d t ' 
the highest n i t rogen percentage (2.76) was noted under t 3 t 2 . 
The appl ica t ion of 120 kg N / h a raised the per cen t P content in t he leaf to 0.497 f r o m 
0.444 as u n d e r 0 Kg N. The effect of moisture tens ions ma in t a ined dur ing the pre-f lowering 
period still pers is ted i. e. t 2 increased the P percentage a n d t 3 decreased it . Various m o i s t u r e 
regimes ma in t a ined dur ing t he la te r period of crop g r o w t h could no t cause any s ign i f ican t 
var ia t ions in t he P content . However , higher mois ture tens ions depressed the P concen t ra t ion 
in the tissues. 
Ni t rogen appl ica t ion a t 120 K g N/ha s ignif icant ly increased t he К percentage in t h e 
leaf. A m e d i u m mois ture tension whe the r ma in ta ined du r ing the early or la ter period s ignif-
icantly depressed t he К percen tage in the leaf while t h e low and high mois ture tension w e r e 
nearly similar in the i r effect . 
Increas ing doses of n i t rogen decreased the Mn c o n t e n t of the leaf under all m o i s t u r e 
regimes. The increasing mois ture tens ion during pre- f lower ing or dur ing the flowering c u m 
f ru i t ing stages also depressed t he Mn concentra t ion in t h e leaf. Among t he var ious combina t ions 
of t and t ' t h e h ighes t Mn con ten t was noted in t j t 2 (74.1 ppm) which was followed b y t 3 t [ 
(73.2 ppm) . 
Nu t r i en t concent ra t ions in t he recently m a t u r e d leaf on the m a i n axis of the c o t t o n 
p lan t (4th f r o m apex) revealed t he responsiveness of t h i s crop to n i t rogen fert i l ization as wel l 
as to mois ture supp ly . An appl ica t ion of nitrogen s igni f icant ly increased i ts absorpt ion con-
sequently a f fec t ing t he ni t rogen congent in the leaf t issues. However , phosphorus concen-
t ra t ion decreased wi th each inc remen ta l dose of n i t rogen at f lowering b u t increased a t 
m a t u r i t y . 
DASTUR (1959) s t a t ed t h a t t h e applicat ion of n i t rogen increased the absorpt ion of 
po tash provided t he la t te r was suff ic ient ly available in t h e soil. Obviously with a m e d i u m t o 
high avai labi l i ty of po tash a t t he exper imenta l site, an increase was expec ted in its u p t a k e 
wi th ni trogen appl ica t ion . The manganese concent ra t ion in tissues a t t h e pre-flowering s t a g e 
was increased w i t h the appl ica t ion of 60 kg N/ha, b u t a t m a t u r i t y a decrease in Mn concen t ra -
t ion was observed. The results are a t var iance with those of MANDAL (1954) who observed b e n n e -
ficial effects of N appl icat ion on t h e absorpt ion of Mn. The re was a fall in the nut r ient c u m 
m a t u r i t y s tage, which was a p p a r e n t l y due to the u t i l i za t ion of these n u t r i e n t s in the p roduc t i on 
of seed co t ton (DASTUR 1959). 
The m a i n t e n a n c e of a proper mois ture tension in t h e roo t zone dur ing the growth, f l ower -
ing and f ru i t ing period of the co t ton crop were found to grea t ly inf luence t he nutr ient a b s o r p -
t ion. Higher mois tu re with f r e q u e n t short in terval i r r iga t ions before f lowering was, it seems, 
no t benefical for t he absorp t ion of n i t rogen and phosphorus . The highest ni t rogen pe rcen tage 
in leaves was observed in t he case of 75 per cent mois tu re deplet ion while t he highest P v a l u e s 
were observed in t he case of 50 per cent moisture dep le t ion . The higher ni t rogen con ten t a t 
t he high mois tu re tens ion m a y be due to the high ava i lab i l i ty of n i t rogen in the root zone or 
else caused b y less d ry m a t t e r p roduc t ion before f lower ing which is also beneficial for b e t t e r 
f ru i t ing and t he higher produc t ion of seed cot ton. I n case of post-f lowering schedules of i r r iga-
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Table 2 
Tissue content of N, P, К and Mn after the first irrigation schedule 
Nitrogen % Phosphorus % 
Nitrogen 
level 
k g / h . 
T , T, T 3 
Mean 
C.D. 0.20 T , T 3 T 3 
Mean 
C.D. 0.013 
0 2 .83 2.86 2.97 2.88 0.475 0.594 0.458 0.510 
60 2 .93 2.87 3.22 3.01 0.475 0.568 0.453 0.497 
120 3.20 3.01 3.20 3.14 0.541 0.419 0.453 0.466 
Mean 2.99 2.98 3.13 3.01 0.497 0.527 0.454 0.491 
C. D. 0 .09 0.022 
C. D. for n i t r ogen means wi thin a moisture reg ime 
0.35 0.031 
Potash % Manganese ppm 
T j T, T 3 
Mean 
C.D. 0.04 T3 T 3 T3 
Mean 
C.D. 0.03 
0 2 . 0 7 1 . 9 0 1 . 9 9 1 . 9 9 1 3 5 . 7 1 3 8 . 1 1 3 9 . 1 1 3 7 . 6 
6 0 2 . 0 8 2 . 0 3 2 . 0 8 2 . 0 7 1 4 2 . 3 1 . 3 6 . 8 1 4 8 . 7 1 4 2 . 6 
1 2 0 2 . 1 6 2 . 1 2 2 . 0 3 2 . 1 0 1 2 3 . 7 1 1 2 . 9 1 3 0 . 7 1 2 2 . 4 
Mean 2 . 1 0 2 . 0 2 2 . 0 3 2 . 0 5 1 3 3 . 9 1 2 9 . 3 1 3 9 . 5 1 3 4 . 2 
C. D. 0 . 1 4 1 1 3 . 6 
C. D. for m e a n s within moisture regime 
0 . 0 8 0 . 3 7 6 0 . 3 7 6 
Nitrogen level 
kg/ha 
N x t N x t N x t ' 






C. D. for N me 












2.34 i j 
2.59 t j 














or N me 
.el of T = 
2.61 С 
2.79 t 2  
2.79 t 3  
2.73 




















= 0 . 1 1 
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Table 2 
Phosphorus % 
0 0 . 4 7 5 0 . 4 8 4 
6 0 0 . 4 2 2 0 . 4 9 1 
1 2 0 0 . 5 3 7 0 . 5 2 7 
M e a n 0 . 4 8 0 0 . 5 0 2 
C. D . 0 . 0 4 4 
0 . 3 7 4 
0 . 4 2 2 
0 . 4 3 6 
0 . 4 1 9 






Within leve l of 
t ' = 0 .088 
0 . 4 3 6 
0 . 4 2 7 
0 . 4 8 0 





0 . 4 6 2 
0 . 6 0 7 
0 . 3 6 5 
0 . 4 7 5 
0 . 0 4 4 
I n t h e body of t a b l e 
t = 0 . 0 7 9 
0.480 0.479 
0.419 0 .484 
0.461 0 .400 
0.453 0 .458 
Potassium % 
0 1 . 7 9 1 . 7 0 1 . 8 8 
6 0 1 . 8 2 1 . 7 3 1 . 8 3 
1 2 0 1 . 9 5 1 . 8 3 1 . 7 8 
M e a n 1 . 8 5 1 . 7 5 1 . 8 3 
C. D . 0 . 0 4 1 
C. D. for means w i t h i n a level of 





1 . 7 7 
1.80 
1.81 





C. D. w i t h i n a level of 
t ' = 0 . 0 5 8 
1 . 9 7 
1.68 
1 . 8 4 
1 . 8 3 
0 . 0 4 1 
I n t h e body of t a b l e 





Manganese p p m 
0 7 8 . 7 6 1 . 5 5 9 . 7 
6 0 6 8 . 9 5 4 . 6 5 5 . 8 
1 2 0 5 5 . 1 6 0 . 5 5 7 . 9 
M e a n 6 7 . 6 5 8 . 9 5 7 . 8 
C. D . 1 . 5 1 
C. D . for means w i t h i n a level of 






With in leve l of 
T ' = 3.76 
6 5 . 7 
62.0 
5 1 . 5 
5 9 . 7 
67.3 I , 
54.5 t , 
51.8 t , 
57.9 
6 8 . 1 7 4 . 1 6 0 . 5 
6 6 . 2 5 6 . 7 5 3 . 8 
7 3 . 2 4 7 . 3 5 2 . 9 
6 9 . 2 5 9 . 3 5 5 . 7 
1 . 5 1 
I n t h e body of t ab l e 
= 2.60 
N „ no, N , = 60 kg/ha N , N 2 = 120 kg/ha N . 
t i o n t he h ighes t n i t r o g e n conten t w a s o b served in tó w h i l e t h e highest P c o n t e n t was no ted i n t ( . 
I t v e r y clearly i n d i c a t e s t h a t a f t e r f l o w e r i n g co t ton n e e d s more f r e q u e n t i r r i ga t i on t h a n b e f o r e 
f lower ing . Th is s e e m s t o help b e t t e r a b s o r p t i o n of N a n d P which w o u l d u n d o u b t e d l y r e s u l t 
in e n h a n c e d m e t a b o l i c act ivi t ies l e a d i n g t o be t t e r g r o w t h and d e v e l o p m e n t . These f i n d i n g s 
c o r r o b o r a t e t h e o b s e r v a t i o n of BRUYN (1964) who a l so r epor t ed t h e h i g h e s t co t t on y i e l d s 
u n d e r high m o i s t u r e tens ion, even t o t h e e x t e n t of 80 — 90 per cent m o i s t u r e deple t ion. I t t h u s 
a p p e a r s t h a t t h e h i g h nu t r i en t a b s o r p t i o n in co t ton a s r e p o r t e d by SCARSBROOK et al. (1959)  
w a s p robab ly n o t a r e su l t of h igh m o i s t u r e levels b u t s o m e o ther f ac to r s . 
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I n case of po tash t h e h i g h e s t К c o n c e n t r a t i o n was no ted i n h igh mois ture dep le t ion 
plots . T h e m a n g a n e s e c o n t e n t w a s t h e highest in t h e t 3 t r e a t m e n t a t t h e 1st sampl ing s t a g e fol-
lowed b y t t b u t in the pos t - f lower ing sampl ing o n l y 25 per cent m o i s t u r e deplet ion ( t ( ) showed 
t h e h ighes t M n con ten t . Th i s c o u l d be due to a h i g h avai labi l i ty of M n b rough t a b o u t b y the 
h igh m o i s t u r e con t en t r e n d e r i n g a low oxygen a n d h igh hydrogen t e n s i o n which is f a v o u r a b l e 
f o r t h e r e d u c t i o n o f M n . ( S I N G H — PATHAK 1 9 6 7 ) . 
I t is a p p a r e n t f rom t h i s s t u d y t h a t u n d e r n i t rogen fe r t i l i za t ion a long gap u p t o a b o u t 
75 per c e n t mo i s tu re dep le t ion be fo re f lower ing a n d about 50 p e r c e n t mois ture dep l e t i on 
which u n d e r d r y condi t ions m a y be more t h a n a 20 day in te rva l b e f o r e f lowering a n d a b o u t 
15 days a f t e r f lower ing would b e a n a d e q u a t e i r r i g a t i o n schedule w h i c h will also d e p e n d on the 
c l imate fo r t h e co t ton crop. T h i s f i nd ing is in close p rox imi ty t o t h a t of BRUYN (1964) who 
r epo r t ed a n e v e n higher s t ress t o b e equal ly u se fu l . 
+ 
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R E A R I N G J E R S E Y CALVES O N D I F F E R E N T L E V E L S A N D 
S O U R C E S O F E N E R G Y 
T h e r e is a persist ing s h o r t a g e in an imal p r o d u c t i o n to cover t h e ever- increasing d e m a n d 
of the g r o w i n g popula t ion in E g y p t . The bu f f a loe s a n d cows are t h e m o s t i m p o r t a n t an ima l s 
for m e a t a n d mi lk p roduc t ion . T h e y provide a b o u t 80 per cent of t h e to ta l m e a t p r o d u c e d 
(SALEM 1 9 6 5 ) . 
T h e i m p o r t a t i o n of J e r s e y ca t t l e and t h e i r g rade up wi th loca l breed was i m p o r t a n t in 
ove rcoming t h e an imal p r o t e i n shor t age . J e r s e y c a t t l e proved success fu l under our loca l con-
di t ions (DARWISH et al. 1969). Since the J e r sey h a s a higher ab i l i t y t o grow as c o m p a r e d to 
t h e local b r e e d , it is necessary t o know the f e e d i n g r equ i r emen t s of th is i m p o r t e d fore ign 
breed a t d i f f e r e n t ages u n d e r o u r local condi t ions . There fore , feeding y o u n g Jersey ca lves dur ing 
t h e suck l ing per iod was i n v e s t i g a t e d to f ind o u t t h e mos t economica l r a t i on using w h o l e milk 
along w i t h o u r common f eed ing s t u f f s avai lable i n t h e distr ict . 
N i n e p u r e Je rsey calves a n d t h i r t y two crosses wi th na t ive c a t t l e (23 males a n d 18 fe-
males) were t a k e n f rom the A n i m a l P roduc t i on E x p e r i m e n t a l S t a t i o n , F a c u l t y of A g r i c u l t u r e , 
Acta Agronomica Academiae Scientiarum Hungaricae '24, 1975 
v a r i a 1 9 7 
Assuit Un ive r s i ty . These calves were separa ted f rom their d a m s j u s t a f te r calving a n d were 
kept indoors . The exper iment was cont inued u n t i l the animals r eached 24 weeks of age . A t the 
beginning of t he exper iment t he animals were d iv ided into th ree groups according t o sex and 
breed. G r o u p 1(13 calves) received T r e a t m e n t " A " , Group I I (13 calves) received T r e a t m e n t 
" B " a n d G r o u p I I I (15 calves) received T r e a t m e n t "C" . The whole milk and p lan t foods tu f f s 
given to d i f f e r e n t t r e a tmen t s dur ing successive weeks are shown in Table 1. Colos t rum was 
given ab- l ib dur ing the f i r s t 3 days followed b y whole milk f r o m t h e 4 th day u p t o weaning 
t ime. Milk was hand-fed to calves individually twice a day shor t ly a f t e r milking in e q u a l par t s 
at 6 a. in. a n d 6 p. m. 
T h e p l an t food s tu f f s such as clover, c lover hay , darawa, w h e a t s t raw and concen t r a t e 
mixture (composed of whea t b r an , rice b r an , decor t icated co t tonseed cake, maize a n d horse 
bean) were offered from the 3rd week twice da i ly . The s tarch equ iva len t s for d i f f e r e n t p lan t 
foods tuf fs , roughages and concent ra tes , were t a k e n af ter ABDEL-HAFIZ (1969). 
Calves were individual ly weighed weekly early in the morn ing before feeding. 
SNEDECOR'S book (1968) was consulted for statist ical analysis . 
A n i m a l s in T r e a t m e n t " A " were given 523.0 kgs whole Je r sey mi lk , the s ta rch equ iva len t 
obta ined f r o m such milk was 98.85 kgs S. E. as recommended b y JOTTRAND (1957), ВОВЕК —  
MOLNÁR (1958) and SIMONJAN (1957), along w i t h 111.44 kgs S. E. p l an t foodstuffs d u r i n g the 
f irs t 24 weeks of age. The t o t a l a m o u n t of food was 210.29 kgs S. E. 
In T r e a t m e n t " B " t h e t o t a l s tarch equ iva l en t was reduced to 184.11 by r e d u c i n g the 
starch e q u i v a l e n t from milk to 72.67 kgs S. E . (384.5 kgs whole J e r s e y milk) as r e c o m m e n d e d 
b y VILLINGER (1956) a n d LEISNER (1958) a n d k e e p i n g t h e a m o u n t of p l a n t f o o d s t u f f s ( 1 1 1 . 4 4  
kgs S . E . ) . 
T h e t o t a l s tarch equ iva len t given to a n i m a l s in T r e a t m e n t " C " was 315.44 w h i c h was 
1.5 t imes h igher than t h a t used in T r e a t m e n t " A " . This was o b t a i n e d f rom 784.5 kgs whole 
Jersey mi lk a n d 167.16 kgs S. E . foodstuffs (Tab le 1). 
T h e average to ta l ga in (Table 2) of ma les was 97.6, 86.8 a n d 112.2 kgs in T r e a t m e n t 
" A " , " B " , a n d "C" , the corresponding ave rage daily gain was 0.581, 0.517 and 0.668 grs. 
The b i r th we igh t (Table 3) of males in T r e a t m e n t s " A " " B " and " C " was doubled a t 52, 70 and 
49 days a n d t r ip led at 91, 114 a n d 84 days, respect ive ly . The weaning weight of males became 
5.281, 4.602 a n d 5.857 t imes the i r b i r th weight in T rea tmen t " A " , " B " and "C" , respect ive ly . 
The ave rage efficiency of food for males was 2.15, 2.12 and 2.81 in T rea tmen t s " А " , " В " a 
"C" , respec t ive ly . 
T h e re la t ionship be tween average weight a n d age was s tud ied using linear regress ion. 
The fol lowing equat ions were obta ined (Fig. 1). 
T r e a t m e n t "A" vv = 15 .006+4.322 T 
T r e a t m e n t " B " W = 13 .672+3 .781 T 
T r e a t m e n t " C " W = 12 .281+4.938 T 
where W is t h e predicted (calcula ted) weight in kgs . a t the age T in in terva ls (one week) . 
T h e regression be tween weight and age is highly significant in all cases and t h e devia-
tions of t h e calculated weights were within t h e allowable l imits. 
T h e resu l t s of the females indicated t h a t t h e average t o t a l gain (Table 2) w a s 86.6, 
76.8 and 93.7 kgs in T r e a t m e n t s " A " , " B " a n d " C " , respectively, t h e corresponding average 
daily gains were 0.515, 0.457 a n d 0.558 kgs. T h e b i r t h weight (Table 3) of the females in T rea t -
ments " A " , " B " and " C " was doubled a t 63, 70 a n d 56 days and t r ip led a t 105, 112 a n d 91 
days respec t ive ly . The weaning weight of he i fer calves in T r e a t m e n t s " A " , " B " a n d " C " 
became 4.579, 4.589 and 5.074 t imes their b i r t h weight . 
F o o d efficiencies were 2.43, 2.39 and 3.37 wi th Trea tmen t s " A " , " B " and " C " , respec-
tively. 
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Table 1 
Feeding chart for weekly allotvances of each calf in different treatments 
during suckling period of the first 24 weeks 
T r e a t m e n t " A " 
W h o l e milk p l a n t food t o t a l 
q u a n t i t y * S.E. 
S .E . S. E . 
1 — 3 d a y s 
kg kg kg 
kg 
Colostrum 
4 — 7 d a y s 12.0 2.268 — 2.268 
2 21.0 3.969 — 3.969 
3 21.0 3.969 0.84 4.809 
4 21.0 3.969 0.84 4.809 
5 - 8 24.5 4.631 2.38 7.011 
9 - 1 2 28.0 5.292 4.62 9.912 
1 3 - 1 6 24.5 4.631 6.02 10.651 
1 7 - 2 0 21.0 3.969 6.93 10.899 
2 1 - 2 4 14.0 2.646 7.49 10.136 
Total 523.0 98.851 111.44 210.291 
1 — 3 d a y s T r e a t m e n t " B " 
4—7 d a y s 10.0 1.89 — 1.89 
2 17.5 3.308 — 3.308 
3 17.5 3.308 0.84 4.148 
4 17.5 3.308 0.84 4.148 
5 - 8 17.5 3.308 2.38 5.688 
9 - 1 2 21.0 3.969 4.62 8.589 
1 3 - 1 6 15.75 2.977 6.02 8.997 
1 7 - 2 0 14.0 2.646 6.93 9.576 
2 1 - 2 4 12.25 2.315 7.49 9.895 
Total 384.5 72.674 111.44 184.114 
1 — 3 d a y s T r e a t m e n t " C " 
4 — 7 d a y s 18.0 3.402 — 3.402 
2 31.5 5.954 — 5.954 
3 31.5 5.954 1.26 7.214 
4 31.5 5.954 1.26 7.214 
5 - 8 36.75 6.946 3.57 10.514 
9 - 1 2 42.00 7.938 6.93 14.868 
1 3 - 1 6 36.75 6.946 9.03 15.976 
1 7 - 2 0 31.5 5.954 10.39 16.344 
2 1 - 2 4 21.0 3.969 11.24 15.209 
Total 784.5 148.277 167.16 315.437 
Fat percentage 4.5%. It was determined by the classical Gerber me thod . 
* Note: 1 kg whole Jersey mi lk 4 .5% (with mol lgard equation (15) = 0.189 kg.S.E.) 
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Age in i n t e r v a l s (T = one w e e k ) 
Fig. 1. Compar ison of g r o w t h among male J e r s e y calves reared o n different levels a n d sources 
of energy during t h e f i r s t 24 weeks of age by linear regress ion equation 
The re la t ionship be tween average weight a n d age was s t u d i e d using linear regression. 
The following equat ions were obta ined (Fig. 2). 
T r e a t m e n t " A " = 14 .425+4.009 T 
T r e a t m e n t " B " & = 11 .656+3.370 T 
T r e a t m e n t " C " W = 14 .773+4 .188 T 
where W is t h e predicted (ca lcula ted) weight in kgs a t the age T in in terva ls (one w e e k ) . 
The regression between weight and age is h igh ly significant in all cases and t h e dev ia t ions 
of the ca lcu la ted weights were wi th in allowable l imi t s . 
I t was found t h a t the ana lys is of var iance be tween the t h r e e t rea tments , t h e d i f fe rences 
between t he t r e a t m e n t s were h ighly significant . 
Table 2 
Average daily gain and efficiency of food utilization of both sexes in different treatments 
T r e a t m e n t 
Bir th w t . Wean ing wt. T o t a l g a i n Daily gain 
R e l a t i v e 
d a i l y gain 
a s s u m i n g t h e 
h i g h e s t 100 
Food 
intake Ef f i c i ency 
of food 
kgs kgs kgs kgs kgs 
A Male 22.8 120.4 97.6 0.581 88.03 1.252 2.15 
Female 24.2 110.8 86.6 0.515 77.09 2.43 
В Male 24.1 110.9 86.8 0.517 77.39 1.095 2.12 
Female 21.4 98.2 76.8 0.457 68.41 2.39 
С Male 23.1 135.3 112.2 0.668 100.00 1.878 2.81 
Female 23.0 116.7 93.7 0.558 83.53 3.37 
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Statistical ana lys i s (Table 4) of t he animals ' b o d y weight showed t h a t there were 
h igh ly significant differences be tween t rea tments a n d between periods, while there were 
s igni f icant differences in the body w e i g h t of calves b e t w e e n sexes. 
The data in T a b l e 5 indicate t h a t t he differences in t he efficiency of food ut i l iza t ion 
b e t w e e n the t r e a t m e n t s were highly significant while t h e differences b e t w e e n sexes were 
s ignif icant . The d i f f e rences between pe r iods were not s ta t i s t ica l ly s ignif icant . 
From these f eed ing studies i t could be noticed t h a t male calves in T rea tman t " A " 
g rew better than a n i m a l s of both sexes in all t r ea tmen t s e x c e p t male calves in Trea tment " C " . 
2 4 6 8 10 12 14 1 6 18 2 0 2 2 2 4 
Age i n i n t e r v a l s (T=one week) 
Fig. 2. Comparison of growth a m o n g Female Jersey ca lves reared on d i f f e r en t levels a n d 
sources of e n e r g y during the f i r s t 24 weeks of age b y linear regress ion equation 
Assuming the t o t a l ga in obtained d u r i n g the suckling p e r i o d by male ca lves in Trea tment " A " 
is 100, the re la t ive t o t a l gain in f e m a l e s of the same t r e a t m e n t is 88.73 pe r cent, while i t i s 
88.93 per cent a n d 78.69 per cent fo r ma les and females of Trea tment " B " , respectively. T h e 
corresponding va lue s of animals in T r e a t m e n t " C " a r e 114.96 and 96.00 per cent. 
As the whole J e r sey milk in T r e a t m e n t " B " w a s 384.5 kgs 73.0 pe r cent of t h a t i n 
T r e a t m e n t " A " , t h e t o t a l gain was m u c h lower in b o t h sexes than t h a t of male calves in 
T r e a t m e n t " A " . T h e s e results i nd ica ted t h a t such a l lowances were not a d e q u a t e to let t h e 
a n i m a l s show the i r fu l l growth c a p a c i t y . 
Although t h e increased feed i n t a k e in T r e a t m e n t " C " (1 1/2 t imes t h a t of T r e a t m e n t 
" A " ) caused a s l ight increase in ma le calves (114.96 p e r c e n t only) c o m p a r e d to male ca lves 
in Trea tment " A " , such an increase i n feed was no t compensa ted b y a suitable increase 
t o t a l gain. Females ( in Trea tment " C " ) failed to ob t a in t h e total gain of ma le s of T r e a t m e n t 
" A " in spite of inc reas ing the feed i n t a k e 1 1/2 times. 
From these r e s u l t s it can be conc luded that 523 kgs whole Jersey mi lk and foods tu f f s 
e q u a l to 111.44 kgs S. E . , the to ta l s t a r c h equivalent b e i n g 210.29 kgs, g a v e normal g r o w t h 
fo r Jersey calves d u r i n g the suckling per iod . Similar r e s u l t s were o b t a i n e d b y DEDECKOVA-
SALOVA (1969) w h o f e d Czechoslovakian Red Pied ca lves 211.7 S. E., t h e t o t a l gain o b t a i n e d 
d u r i n g the 24 weeks w a s 116.7 kgs. W h i l e SMILEVSKI et al. (1969) fed D u t c h Black Pied hei fer 
ca lves over the 1st 14 weeks of life on 497 kgs whole mi lk w i t h concentrates a n d hay ad. l ib fo r 
120 days the only t o t a l gain obta ined was 93.0 kgs. WHITAKER et al. (1957) found s ignif icant 
correlat ions be tween weight gain a n d concentrate c o n s u m p t i o n in Je r sey calves. 
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Table 3 
Live weight relative to birth weight of male and female calves in the three treatments 
T r e a t m e n t A Trea tmen t В T r e a t m e n t С 
male female male female male female 
Age in 
weeks 
live wt . 
live w t . 
relat ive 
to b i r th 
w t 
live w t . 
live wt . 
relative 
to bir th 
wt . 
live w t . 




live w t . 
l ive wt . 
re la t ive 
t o b i r th 
w t . 
live wt . 
live wt . 
relat ive 
to b i r th 
w t . 
live wt . 
l ive wt . 
relat ive 
to bi r th 
w t . 
kg kg kg kg kg kg kg kg kg kg kg kg 
B i r t h 
w t . 2 2 . 8 1 0 0 . 0 2 3 . 2 1 0 0 . 0 2 4 . 1 1 0 0 . 0 2 1 . 4 1 0 0 . 0 2 3 . 1 1 0 0 . 0 2 3 . 0 1 0 0 . 0 
1 2 4 . 6 1 0 7 . 9 2 5 . 3 1 0 4 . 5 2 5 . 6 1 0 6 . 2 2 3 . 1 1 0 7 . 9 2 4 . 9 1 0 7 . 8 2 3 . 7 1 0 3 . 0 
2 2 7 . 5 1 2 0 . 6 2 7 . 5 1 1 3 . 6 2 8 . 1 1 1 6 . 6 2 4 . 7 1 1 4 . 9 2 6 . 6 1 1 5 . 2 2 6 . 8 1 1 6 . 5 
3 2 9 . 5 1 2 9 . 4 2 9 . 2 1 2 0 . 7 2 9 . 8 1 2 3 . 7 2 6 . 1 1 2 1 . 9 2 9 . 7 1 2 8 . 6 2 9 . 4 1 2 7 . 8 
4 3 2 . 4 1 4 2 . 1 3 1 . 5 1 3 0 . 2 3 1 . 6 1 3 1 . 1 2 7 . 2 1 2 7 . 1 3 3 . 2 1 4 3 . 7 3 1 . 3 1 3 6 . 1 
5 3 6 . 0 1 5 7 . 9 3 5 . 6 1 4 7 . 1 3 3 . 5 1 3 9 . 0 2 9 . 0 1 3 5 . 5 3 7 . 5 1 6 2 . 3 3 5 . 1 1 5 2 . 6 
6 3 9 . 5 1 7 3 . 2 3 8 . 0 1 5 7 . 0 3 6 . 4 1 5 1 . 0 3 1 . 2 1 4 8 . 8 4 2 . 7 1 8 4 . 8 4 0 . 6 1 7 6 . 5 
7 4 4 . 0 1 9 2 . 9 3 9 . 8 1 6 4 . 5 3 8 . 8 1 6 0 . 9 3 3 . 4 1 5 6 . 1 4 6 . 2 2 0 0 . 0 4 3 . 1 1 8 7 . 4 
8 4 8 . 2 2 1 1 . 4 4 3 . 5 1 7 9 . 8 4 1 . 9 1 7 3 . 9 3 6 . 3 1 6 9 . 6 5 0 . 6 2 1 9 . 0 4 6 . 5 2 0 2 . 2 
9 5 3 . 3 2 3 3 . 8 4 9 . 1 2 0 2 . 9 4 4 . 0 1 8 2 . 6 3 9 . 5 1 8 4 . 6 5 6 . 4 2 4 4 . 2 5 1 . 9 2 2 5 . 7 
1 0 5 6 . 8 2 4 9 . 1 4 8 . 7 2 0 1 . 2 4 8 . 1 1 9 9 . 6 4 2 . 4 1 9 8 . 1 5 9 . 8 2 5 8 . 9 5 4 . 4 2 3 6 . 5 
1 1 6 2 . 9 2 7 5 . 9 5 6 . 2 2 3 2 . 2 5 0 . 8 2 1 0 . 8 4 5 . 6 2 1 3 . 1 6 3 . 7 2 7 5 . 8 5 9 . 1 2 5 6 . 9 
1 2 6 4 . 6 2 8 3 . 3 5 9 . 7 2 4 6 . 7 5 4 . 1 2 2 4 . 5 4 8 . 8 2 2 8 . 0 6 8 . 6 2 9 6 . 9 6 4 . 3 2 7 9 . 6 
1 3 7 0 . 6 3 0 9 . 6 6 6 . 4 2 7 4 . 4 5 7 . 5 2 3 8 . 6 5 2 . 1 2 4 3 . 5 7 3 . 7 3 1 9 . 0 6 7 . 9 2 9 5 . 2 
1 4 7 7 . 6 3 4 0 . 4 7 1 . 6 2 9 5 . 9 6 2 . 2 2 5 8 . 1 5 6 . 3 2 6 3 . 1 7 8 . 0 3 3 7 . 7 7 1 . 8 3 1 2 . 2 
1 5 7 6 . 7 3 3 6 . 4 7 3 . 8 3 0 4 . 9 6 5 . 9 2 7 3 . 4 6 0 . 2 2 8 1 . 3 8 4 . 2 3 6 4 . 5 7 5 . 3 3 2 7 . 4 
1 6 8 3 . 3 3 6 5 . 4 8 2 . 2 3 3 9 . 7 7 0 . 7 2 9 3 . 4 6 3 . 4 2 9 6 . 3 8 9 . 5 3 8 7 . 4 8 0 . 0 3 4 7 . 8 
1 7 8 8 . 0 3 8 5 . 9 8 3 . 0 3 4 2 . 9 7 6 . 1 3 1 5 . 8 6 7 . 7 3 1 6 . 4 9 4 . 3 4 0 8 . 2 8 5 . 0 3 6 9 . 6 
1 8 9 1 . 6 4 0 1 . 8 8 5 . 8 3 5 4 . 6 8 1 . 2 3 3 6 . 9 7 1 . 0 3 3 1 . 8 9 9 . 6 4 3 1 . 2 9 1 . 2 3 9 6 . 5 
1 9 9 8 . 4 4 3 1 . 6 9 0 . 7 3 7 4 . 8 8 5 . 5 3 5 4 . 8 7 4 . 6 3 4 8 . 6 1 0 5 . 8 4 5 8 . 0 9 4 . 8 4 1 2 . 2 
2 0 1 0 1 . 3 4 4 4 . 3 9 5 . 2 3 9 3 . 4 8 9 . 9 3 7 3 . 0 7 8 . 4 3 6 6 . 4 1 1 0 . 5 4 7 8 . 4 9 9 . 2 4 3 1 . 3 
2 1 1 0 6 . 3 4 6 6 . 2 9 9 . 4 4 1 0 . 7 9 4 . 1 3 9 0 . 5 8 3 . 0 3 8 7 . 9 1 1 6 . 3 5 0 3 . 5 1 0 2 . 8 4 4 6 . 9 
2 2 1 1 1 . 1 4 8 7 . 3 1 0 4 . 0 4 2 9 . 9 9 8 . 8 4 0 9 . 9 8 7 . 7 4 0 9 . 8 1 2 3 . 2 5 3 3 . 8 1 0 7 . 8 4 6 8 . 7 
2 3 1 1 6 . 6 5 1 1 . 4 1 0 7 . 3 4 4 3 . 4 1 0 3 . 8 4 3 0 . 7 9 3 . 1 4 3 5 . 0 1 2 9 . 2 5 5 9 . 3 1 1 1 . 4 4 8 4 . 3 
2 4 1 2 0 . 4 5 2 8 . 1 1 1 0 . 8 4 5 7 . 9 1 1 0 . 9 4 6 0 . 2 9 8 . 2 4 5 8 . 9 1 3 5 . 3 5 8 5 . 7 1 1 6 . 7 5 0 7 . 4 
I t is worthwhi le to point out t h a t t he same t ime was required for male calves in T rea t -
m e n t "A" and "C" t o double their b i r t h weight. These resul ts conf i rmed t h a t 210.92 kgs 
S. E . were adequa te for suckling calves especially dur ing t h e beginning of t he suckling per iod, 
i. e. when the weaning t ime was shor tened . In t h a t connec t ion LUSSE (1954), NATESOVA (1957)  
a n d VILLINGER (1956) f o u n d tha t t he same t ime was necessary to double the b i r th weight of 
suckl ing calves (51 — 52 days) . 
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Table 4 
Analysis of variance in the body weight of calves in the three experiments 
Source of var iance 
Degrees 
of f reedom 
(D.F.) 




T o t a l 41 43,674.19 
Between t r ea tmen t s 2 1,044.42 522.21 8.2238** 
Between sexes 1 335.21 335.21 5.2789* 
Between periods 6 41,345.12 6890.85 108.5170** 
E r r o r 32 2,031.92 63.50 
** Highly significant 
* Significant 
Table 5 
Analysis of variance in the efficiency of food utilization of calves in the three treatments 
Source of var iance 
Degrees 
of f reedom 
(D.F.) 




T o t a l 35 10.4562 
Between t r ea tment 2 4.2245 211.23 11.4305** 
Between sexes 1 1.3302 133.02 7.1984* 
Between periods 5 2.0826 41.65 2.2540 n.s. 
E r r o r 27 4.9892 18.48 
** Highly significant 
* Significant 
n. s. Not significant 
On the other h a n d calves of b o t h sexes in T r e a t m e n t " B " requi red 35 per cen t more t ime 
t h a n male calves of T r e a t m e n t " A " to double the i r b i r th weight. Moreover, t h e males and 
females of T r e a t m e n t " B " required the same t ime to double the i r b i r th weight. Such results 
ind ica ted t h a t 184.11 legs S. E . was not a d e q u a t e as the animals grew slowly on such allow-
ances which were i n a d e q u a t e for quick growing animals (males) to show their g rowth capac i ty . 
F rom these resul ts , i t is noted t h a t bull calves in T r e a t m e n t " A " grew fas te r t h a n heifer 
calves relat ive to b i r t h weight , as males b e c a m e 5.281 t imes while females reached 4.579 t imes 
(being 87.0 per cent ) the i r b i r th weight. Moreover , b o t h sexes in T r e a t m e n t " B " reached the 
same va lue of their b i r t h weight as the females in T r e a t m e n t " A " . Such results i nd ica ted t h a t 
t he al lowances of T r e a t m e n t " B " were no t a d e q u a t e for males, appeared to be permissible in 
p rac t i ce for females and did not impai r t h e growth of female calves, i. e. the slow growing 
an ima l s (females) would accordingly receive lower r equ i rements t h a n the quick growing ones. 
There fore , the r equ i r emen t s in T r e a t m e n t " B " (13.0 per cent reduc t ion in the to ta l s t a r c h value 
of T r e a t m e n t " A " ) would be adequa te to allow the quick growing female to show its growth 
capac i ty . 
BERK BEDŐ (1967) repor ted t h a t r ich concen t ra te and good qual i ty hulk fodder were 
essent ia l for the successful rearing of H u n g a r i a n Red Pied calves on restr ic ted milk rat ion. 
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Moreover th i s w o u l d be a d v a n t a g e o u s , i t would r e d u c e t h e feeding cos t of suckling he i f e r s as 
t h e whole mi lk w o u l d be r e d u c e d b y 27 per cen t . KLIESCH — HORST (1959) conc luded t h a t 
p r o d u c t i o n cos ts were lower w i t h less whole milk in t h e r a t i on . GHONEIM et al. (1963) c l a i m e d 
t h a t reducing t h e mi lk a l lowances w a s more economica l for rea r ing E g y p t i a n cow a n d b u f f a l o 
calves. 
The g r o w t h resu l t s were r e f l e c t e d in the a m o u n t of food u t i l i zed , i. e. t he e f f i c i ency of 
f ood u t i l i za t ion w a s lower w i th f e m a l e s t h a n t h a t w i t h males in e a c h t r e a t m e n t . M o r e o v e r , 
t h e higher were t h e food a l lowances g iven to t he c a l v e s , t h e lower w e r e t h e food e f f ic ienc ies 
ob t a ined . The w o r s t food e f f i c i ency w a s ob ta ined b y f e m a l e s in T r e a t m e n t " C " . The a m o u n t 
of food r equ i r ed f o r p roducing 1 k g l ive weight w a s 33.6 per cent m o r e t h a n t h a t w i t h m a l e 
ca lves in T r e a t m e n t " A " . 
Such r e s u l t s ind ica ted t h a t t h e a m o u n t of f o o d g iven to ca lves in T r e a t m e n t " C " w a s 
m u c h more t h a n t h e sui table a l l o w a n c e s t h a t p r o d u c e n o r m a l g r o w t h . The re fo re such a l low-
ances were s u r p l u s and not e c o n o m i c . On the o t h e r h a n d the a m o u n t of food r equ i r ed f o r 
p roduc ing 1 k g l ive weight in g r o w i n g bulls in T r e a t m e n t s " A " and " B " w a s near ly t h e s a m e . 
S u c h resul ts c o n f i r m e d the p r e v i o u s d a t a which i n d i c a t e d t h a t t h e a m o u n t of food g i v e n i n 
T r e a t m e n t " A " w a s a d e q u a t e w h i l e t h a t given in T r e a t m e n t " B " w a s n o t enough as t h e f i n a l 
t o t a l gain was n o t ob ta ined . 
The v a l u e s of t h e e f f ic iency of food u t i l i za t ion o b t a i n e d in T r e a t m e n t " A " were w i t h i n 
t h e values r e c o r d e d b y CZAKO (1962) w h o found t h a t H u n g a r i a n s p o t t e d ca lves used A s t a r c h 
e q u i v a l e n t of 2 .04 , 1.85, 2.42 a n d 2.22 kgs per k i l o g r a m weight g a i n . Similar r e su l t s w e r e 
r e p o r t e d b y A D A M —SZENTMIHÁLYI ( 1 9 6 1 ) . A t t h e s a m e t i m e MATHIEU — W E G A T - L I T R E ( 1 9 6 2 )  
f o u n d t h a t t h e f o o d u n i t per k i l o g r a m weight was 3 .0 in F r e n c h F r i e z i a n calves fed 200 l i t r e s 
m i l k dur ing 5 w e e k s along wi th c o n c e n t r a t e s and h a y f o r appe t i t e . 
LUSSE (1954) r epor ted t h a t t h e m e a n a m o u n t s u t i l i zed per k i l o g r a m gain weight d u r i n g 
26 weeks were 1 .924, 2.242 a n d 1 .894 kgs s t a r c h u n i t in th ree g r o u p s reared on d i f f e r e n t 
a m o u n t s of who le mi lk , skim m i l k , c o n c e n t r a t e s a n d h a y . 
I t was a l so of in teres t t o f i n d o u t the r e l a t ion b e t w e e n weight a n d age. In t he six c a se s 
t h e re la t ion w a s f o u n d to be s i g n i f i c a n t l y l inear. T h e s e r e su l t s c on f i rme d t h o s e a l ready o b t a i n e d 
b y SALEM (1965) f o r na t ive c a t t l e , p rov ing t h a t f r o m a prac t ica l p o i n t of view the r e l a t i o n 
be tween weigh t a n d age was l i nea r . T h e predic ted w e i g h t s ob ta ined b y t h e e q u a t i o n s d e v i a t e d 
negligibly f r o m t h e prac t ica l ones . 
P r e p a r e d a t t h e F a c u l t y of Agr icu l tu re , A s s u i t Un ive r s i ty , A s s u i t 
A . M. D A R W I S H 
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E F F E C T O F S O I L I N S E C T I C I D E S ON P L A N T S 
I I I . E f f e c t of ce r t a in soil insect ic ides on the g e r m i n a t i o n of co t ton seeds , g rowth , d r y w e i g h t , 
c o t t o n yield and t h e q u a l i t y of yield 
RAFIC — EL-HENNAWI (1961) ind ica ted t h a t low concen t r a t i ons (50 p p m ) of t h i m e t 
were a p p a r e n t l y more e f fec t ive on t h e g rowth b e h a v i o u r of co t ton p l a n t s t h a n h igher levels 
(150 p p m ) . W h e n t h e d ry we igh t w a s t a k e n as a m e a s u r e of g r o w t h , t h e lower c o n c e n t r a t i o n 
of t h i m e t f a v o u r e d the a c c u m u l a t i o n of the d r y m a t t e r in p lan ts . T r e a t e d p lan t s in t h e dif-
f e ren t s tages of g r o w t h possessed h ighe r va lues of d r y m a t t e r c o m p a r e d w i th the con t ro l . 
LONG et al. (1967) r e p o r t e d t h a t small i nc rea se s in sugarcane g r o w t h were a s s o c i a t e d 
w i th the a p p l i c a t i o n of ch lo rdane to t h e soil a n d i t seemed likely t h a t t h e s t imu la t i ng e f f ec t s 
of ch lo rdane on p l a n t g rowth m i g h t be a t least as i m p o r t a n t as t h e c o n t r o l of a r t h r o p o d pes t s . 
HACSKAYLO (1957) showed t h a t f ina l d r y w e i g h t s were h igher a t a lower c o n c e n t r a t i o n 
of t h i m e t t h a n a t a higher c o n c e n t r a t i o n as c o m p a r e d w i t h the cont ro l . S l igh t to severe n e c r o t i c 
f leck ing of t h e leaves occurred a n d w a s corre la ted w i t h levels of t h i m e t in t h e subs t ra te . R e d u c -
ing sugars , sucrase and s t a rch a c c u m u l a t e d in y o u n g p l an t s t r ea t ed w i t h t h ime t , while so lub le 
a n d pro te in n i t rogen decreased. T h i m e t t ended to cause an increase in t h e oil c o n t e n t of t h e 
e m b r y o s a t t h e expense of p r o t e i n f o r m a t i o n . 
HOPKINS —TAFT (1965) showed t h a t in f u r r o w t r e a t m e n t s a t c o t t o n p lant ing , d i - s y s t o n 
a n d p h o r a t e adverse ly a f f ec ted s t a n d s of c o t t o n , b u t UC 21249 (2-methyl -2 m e t h y l t h i o ) 
p r o p i o n a l d h y d e 0 - (methy l c a r b a m o y i l ) oxime did n o t . 
TRANCO et al. (1960) i n d i c a t e d t h a t the n o r m a l annua l soil app l i ca t i on of insec t i c ides 
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are, B H C 10.8 kg, l indane 0.4 kg and DDT 3.6 kg . Amounts cor responding to 1.3 and 7 annual 
app l ica t ions were applied. W i t h BHC, the t h r e e applications r e d u c e d yields by 20 per cent , 
56 per c e n t and 100 per cen t respectively in a s a n d y soil. L i n d a n e and DDT h a d no h a r m f u l 
effect. 
LILLY — FAHEY (1956) f o u n d t h a t B H C was not toxic t o c o t t o n plants when absorbed 
by the r o o t s as a systemic poison. 
ROBERTS et al. (1962) showed no a p p a r e n t effect on the g r o w t h of cot ton w h e n soil was 
t rea ted w i t h DDT, BHC, g u s a t h i o n at the r a t e of 1, 0.45, 0.375 p o u n d respectively per 1/10 acre. 
GAWAAD — FL-GAYAR (1971) indicated t h a t th imet , l i ndane a n d temik improved cot ton 
yield w h e n mixed with fe r t i l izers and appl ied 60 days af ter ge rmina t ion . Th ime t a n d l indane 
t r e a t m e n t yielded more t h a n d id temik t r e a t m e n t and control. L i n d a n e and hep tach lor reduced 
the g r o w t h of roots and s t e m s a t concent ra t ions of 10 to 50 p p m . 
T h i m e t , lindane, D D T , temik and h e p t a c h l o r proved t h a t t h e y had no in ju r ious effect 
on g e r m i n a t i o n except in t h e case of t h i m e t , i t had a tox ic e f fec t at high concen t ra t ions 
(40 — 50 p p m ) . 
Also t he tested insect ic ides did not a f f e c t d ry weight excep t in the case of chlor inated 
h y d r o c a r b o n s when used a t a high concen t ra t ion . 
His tological studies b y GAWAAD et al. (1968) showed t h a t chlorinated h y d r o c a r b o n 
(l indane) wh ich had a long res idua l effect s h o w e d a bad effect o n root tissues a t r a t e s higher 
than 20 p p m . 
T h i m e t was less t ox i c excep t in ra tes h igher than 40 p p m , i t caused a severe effect on 
ec todermis a n d cortex cells. 
E f f e c t of soil insect ic ides on ge rmina t ion , dry weight, a n d growth of c o t t o n plants . 
The insect ic ides tested were app l ied to the soil a t ra tes of 5, 10, 20, 40, 60 and 100 p p m ( = kgs 
active ingredient / feddan) . 
Six kgs of air dried s ieved soil were t r e a t e d with tested insect icide concent ra t ion . E a c h 
dose was dissolved in 100 ml acetone and s p r a y e d on the air d r i ed soil. The t r e a t e d soil was 
left to d r y for 24 hrs. E a c h t r e a t m e n t (6 kgs soi l+insect ic ide) was placed in a greasy j a r and 
planted w i t h 20 Menofi c o t t o n seeds. Each t r e a t m e n t was rep l ica ted two times. Soil mois ture 
was a d j u s t e d to be 75 per c e n t of its field c a p a c i t y by weighing t h e ja r s every t w o days and 
compensa t ing for the water loss. All exper imen t s were conducted u n d e r controlled t e m p e r a t u r e 
25 + 2°C in a greenhouse. 21 — 30 days l a t e r t h e contents of t h e greasy jars were empt ied . 
The s t ems a n d roots of t h e c o t t o n seedlings were measured a n d recorded. The pe rcen tage of 
ge rmina t ion in each t r e a t m e n t was also recorded . Dry weight of c o t t o n seedlings, as a growth 
measure was assayed by d r y i n g plants a t 105°C for 24 hrs. 
E f f e c t of soil insect icides on cot ton y ie ld . Field plots in every exper imenta l locali ty 
were t r e a t e d wi th different r a t e s of soil insect ic ides to s tudy the e f fec t of insecticide concent ra-
tions on c o t t o n yield. E a c h t r e a t m e n t was r ep l i ca ted 3 times. C o t t o n yield f rom each plot was 
collected a n d weighed. 
E f f e c t of soil insecticides on yield qua l i t y . Fineness, s t r eng th , effective length , and mean 
length of c o t t o n staples of e a c h t r ea tmen t were s tudied at the Co t ton Testing Admin i s t r a t ion , 
Cotton A r b i t r a t i o n and T e s t i n g Organizat ion, Alexandria. Also, percentage of shor t f ibers 
was also t e s t e d at the same l abora to ry . 
De tec t i on of insecticide residues p resen t in cot ton seeds. Samples of co t ton seeds f rom 
each t r e a t m e n t were c rushed . Samples of 50 gr of crushed seeds were shaken w i t h 150 ml 
acetone for 30 minutes, f i l t e r ed and washed w i t h 100 ml ace tone . Adul ts of Daphnia magna 
Straus r e a r e d and handled according to t h e me thods described b y FREAR — BOYD (1967)  
were used for determining insect ic ide residues p resen t in the f i l t r a t e . 
T a b l e 1 shows the t y p e and cons t i tu t ion of the soil used in s tudying the e f fec t of the 
tested insect icides on the ge rmina t ion , g rowth a n d dry weight of c o t t o n seedlings. 
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Fig. 2. E f f e c t of soil insect icides on the g rowth of the cot ton seedling 
Figures 1, 2 show t h a t ch lo r ina ted hydrocarbon insecticides (kepone and endrin) h a d 
s l ight effect on g r o w t h and ge rmina t ion when used a t r a t e s less t han 60 p p m . Organophospho-
r o u s insecticides enhanced p lan ts ' d r y weight and g r o w t h especially a t h igh concentrat ions, 
P P 211 and gusa th ion suppressed ge rmina t ion percentage when applied a t t he ra te of 60 or 
m o r e ppm. 
Table 2 shows t h a t the t e s t ed insecticides migh t enhance cot ton yield when applied t o 
t h e soil a t normal r a tes , (5 or 10 kgs / f eddan ) used for control l ing the c o t t o n leaf worm. H i g h 
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Table 1 
Mechanical, microbial and chemical analysis of soil used in laboratory 
T y p e of ana lys is Conten ts 




Type of soil 
3 9 . 0 6 % 
3 7 . 1 5 % 
3 3 . 7 9 % 
Silty clay loam 




4 , 9 8 0 . 0 0 0 per g ram 
7 3 0 . 0 0 0 per g ram 
1 1 0 . 0 0 0 per g ram 
3. Chemical analysis: 
р н 
Ca + + Mg + + m q / L 
Ca + + m q / L 
Na m q / L 
K + m q / L 
organic ma t t e r 
8 . 6 
4 . 8 4 
3 . 1 8 
2 8 . 5 0 
0 . 3 9 
0 . 7 7 
concen t ra t ions of some of the tes ted insect ic ides had a b a d effect on c o t t o n yield especially 
a t E l - N a h d a 3 and El-Mansoura , which m i g h t be a t t r i b u t e d to the soil t y p e of each locality. 
L indane , d y f o n a t e and gusa th ion were mostly ahead of all the t e s t e d insecticides in 
increasing the co t ton yield. Kepone a n d endr in had sl ight effect in increas ing cot ton yield. 
Ya lexon 5 kg / f eddan when tes ted a t one exper imenta l s t a t ion only, y ie lded 15.8 per cen t 
m o r e t h a n the control . 
E f f ec t s of t e s t ed soil insecticides on yield qual i ty are exhibi ted in Tab le 3. 
E x t r e m e l y h igh concentra t ions of t h e tes ted insecticides decreased t h e pressley index 
( S t r e n g t h measure) , micronaire reading ( f ineness measure) , effect ive staple l e n g t h , mean length 
of s taple , and percen tage of short f ibers . Lower concent ra t ions had d i f ferent ef fects on co t ton 
s t ap le qual i ty . General ly the tes ted o rganophosphorous insecticides increased the fineness, 
e f fec t ive length of s taple and percentage of short f ibers , b u t mostly decreased the s t rength 
a n d m e a n leng th of s taple . 
Resul ts in Tab le 4 indicate t h a t l i n d a n e enhanced l in t percentage t h e m o s t in all t r ea t -
m e n t s . The l int percentages in l indane t r e a t e d plots in El -Gimmeza , Sakha , El -Mansoura and 
E t a y E l -Baroud were 35.9, 39.4, 36.5 a n d 39.3 per cent respect ively. While in u n t r e a t e d plots 
l in t per cent was 34.9, 36.7, 36.1 and 37.7, respect ively. 
Generally t he l in t per cent in all t r e a t m e n t s a t all exper imenta l localit ies was higher t h a n 
t h e controls except a t El -Gimmeza t r e a t m e n t s t rea ted wi th 20 kgs / feddan of l indane endr in 
or kepone . 
Table 5 shows t h a t the residues of all the tes ted insecticides p resen t in cot ton seeds 
were a lways less t h a n 1 p p m . The tes ted soil insecticides could be ar ranged, according to the i r 
res idua l amoun t s p resen t in cot ton seeds in the following descending o rde r : endr in , kepone, 
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Table 2 
Effect of soil insecticides on 
Insecticides 
R a t e of 
appl i -
Saft Kha led Gimmeza Sakha 
used ca t ion 
kg / fed-













Kepone 50% 10 9.646 + 6.8 8.853 + 2 0 . 5 15.270 + 2.2 
Endr in 50% 10 10.116 + 5.7 8.216 + 1 1 . 2 16.616 + 11.2 
Dyfona te 5% 5 10.223 + 7.5 8.256 + 12.3 16.500 + 10.4 
Lindane 5 % 10 11.186 + 1 6 . 9 7.286 — 0.8 16.468 + 10.2 
P P 211 5% 5 10.750 + 1 2 . 4 7.201 — 1.5 15.346 + 2.2 
Gusathion 50% 5 9.820 + 2.6 9.020 + 2 2 . 8 15.225 + 1.5 
Control — 9.564 — 7.345 — 14.941 — 
L.S.D. .05 N.S. 0.80 N.S. 
Kepone 20 10.776 + 17.4 10.406 + 3 1 . 8 14.330 - 4.1 
Endrin 20 10.392 + 13.2 10.020 + 2 5 . 6 14.950 + 0.0 
Lindane 20 11.185 + 2 1 . 8 9.850 + 2 3 . 5 15.310 + 2.4 
Control — 9.177 — 7.970 - 14.945 -
L.S.D. .05 N.S. 0.73 N.S. 
Kepone 40 10.137 + 7.3 10.560 + 2 2 . 3 16.180 + 1 3 . 1 
Endr in 40 9.777 + 3.4 10.016 + 16.1 17.962 + 2 5 . 6 
Lindane 40 10.910 + 1 5 . 4 10.170 + 17.8 15.968 + 1 1 . 7 
Control — 9.447 — 8.633 — 14.295 — 
L.S.D. .05 N.S. N.S. 2.2 
Kepone 60 10.737 + 13.9 12.115 + 4 0 . 7 16.331 + 9.6 
Endr in 60 9.883 + 4.9 9.817 + 14.0 16.687 + 11.7 
Lindane 60 11.207 + 18.9 10.010 + 16.2 18.344 + 2 3 . 1 
Control — 9.422 — . 8.605 — 14.900 — 
L.S.D. .05 N.S. 1.52 2.4 
dy fona te , P P 211. l indane a n d gusathion. T h e resul ts also reveal t h a t no increase in insecticide 
residues could be detected w i t h the increase in insecticide concen t r a t ions f rom 10 t o 60 ppm. 
T h e tes ted soil insect ic ides suppressed germinat ion, d r y weight and g rowth when 
applied to t h e soil at e x t r e m e l y high concen t ra t ions (60 ppm or more) . Normal ra tes of these 
insect icides 5 to 60 p p m , u s e d for comba t ing co t ton soil pes ts , sometimes f avou red growth 
and enhanced dry weight of p lants . Therefore , the tested insect ic ides could safely be applied 
as soil t r e a t m e n t s for c o m b a t i n g cot ton soil pes ts . The effect of t h e tested chemicals on plant 
growth was studied using on ly one type of soil. Fu r the r e x p e r i m e n t s using d i f fe ren t soil types 
mus t be carr ied out. 
TRANCO et al. (1960), who used some of t he tested chemicals , obtained d i f fe ren t results 
concerning t he cot ton yie ld which may be a t t r i b u t e d to t he di f ference in the soil type , soil 
f a u n a a n d cl imate. 
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quantity of cotton yield 
Research Station 
F a c u l t y of agriculture H i g h Ins t i t u t e of Cotton Tiba Farm El -Nahda (2) El-Mansoura 
Mean yield 















7 . 7 9 0 - 5 . 2 4 . 0 3 0 + 2 . 2 1 3 . 7 1 3 + 3 . 5 7 . 5 8 3 + 2 . 7 
8 . 9 3 0 + 1 1 . 2 4 . 0 7 8 + 3 . 7 — - 7 . 9 0 8 + 7 . 1 
9 . 0 0 3 + 1 2 . 1 4 . 0 7 3 + 3 . 5 — — 7 . 6 6 6 + 3 . 7 
1 2 . 2 9 0 + 5 3 . 0 4 . 3 3 1 + 9 . 8 1 5 . 2 8 6 + 2 2 . 9 9 . 2 0 0 + 2 4 . 6 
8 . 4 2 3 + 4 . 8 3 . 7 4 0 - 5 . 1 1 4 . 1 5 0 + 6 . 9 9 . 7 0 0 + 2 1 . 4 
9 . 3 0 0 + 1 5 . 8 
— — 1 7 . 4 0 7 + 2 9 . 6 1 0 . 6 0 0 + 4 3 . 6 
8 . 0 3 0 
— 3 . 9 4 3 — 1 3 . 2 4 3 7 . 3 8 0 — 
1 . 6 4 1 . 2 0 1 . 8 3 1 . 7 4 
— — — — 1 3 . 0 6 3 + 2 . 0 7 . 6 5 0 + 1 . 3 
— 
- — — 1 5 . 9 5 0 + 2 4 . 6 5 . 5 0 0 - 2 6 . 1 
— -
6 . 0 6 6 + 6 0 . 5 1 3 . 6 9 3 + 7 . 0 7 . 2 5 6 - 3 . 1 
: — — 1 2 . 7 9 7 2 . 0 3 7 . 4 8 2 1 . 3 8 
— — — — 1 2 . 9 0 3 - 1 1 . 5 7 . 0 8 0 - 8 . 5 
— - — — 8 . 9 9 3 - 4 1 . 3 — — 
— — 3 . 8 4 8 + 2 1 . 9 1 3 . 5 8 3 - 5 . 7 6 . 6 4 5 — 1 4 . 1 
— 
— — — 1 4 . 3 3 0 — 7 . 7 4 2 — 
— — 
0 . 7 7 N.S. 
— 
— — — 
1 1 . 3 3 3 - 1 6 . 8 7 . 4 7 0 — 7 . 1 
— — 4 . 5 5 0 + 4 4 . 1 1 0 . 3 9 3 - 2 3 . 9 — — 




L O N G et al. ( 1 9 6 7 ) , H A C S K A Y L O ( 1 9 5 7 ) , H O P K I N S — T A F T ( 1 9 6 5 ) c o m m e n t e d o n t h e 
effect of cer ta in soil insect icides on plant g rowth , dry weight a n d s t a n d . BHC was recorded 
to he non- tox ic to cot ton p l a n t s by LILLY—FAHEY (1956) and D D T , BHC, gusa th ion were 
repor ted to have no a p p a r e n t ef fec t on the g r o w t h of cot ton by ROBERTS et al. (1962). 
T h e increase in co t ton yield in insecticide t r e a tmen t s is d u e t o two factors, f i r s t t o the 
probable n u t r i e n t effect of ce r t a in soil insecticides especially o rganophosphorous insect ic ides 
which enhanced growth (GAWAAD —EL-GAYAR 1971, GAWAAD et al. 1970), second to the 
insecticides ' potency against co t t on soil-pests which may effect p l a n t growth. F l u c t u a t i o n s in 
yield e x p e r i m e n t results are d u e to the divers i ty in soil types and ecological condit ions prevail-
ing in each exper imental loca l i ty . 
Soil insecticides are r ecommended to a f f ec t not only t he y ie ld quan t i ty b u t also its 
qual i ty . E x t r e m e l y high concen t ra t ions of t he t e s t ed insecticides somet imes had a b a d effect 
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Table 3 
Effect of soil insecticides on 
Inseci tides 
used 
R a t e of 
application 
kgs/feddan 
Pressley index Micronaire reading 
E t a y Sakba Gimmeza E tay S a k h a Gimmeza 
K e p o n e 10 9 .81 9.07 8.85 3.00 3.65 3.18 
E n d r i n 10 10.54 8.71 9.15 2.60 4.20 2.85 
L i n d a n e 10 10.60 9.55 8.97 3.35 4.00 2.95 
D y f o n a t e 5 10.24 10.38 8.95 3.25 4.28 2.98 
P P 211 5 9.98 9.85 9.20 3.35 4.10 2.85 
Gusa th ion 5 9.86 10.28 9.32 3.25 4.08 2.95 
K e p o n e 20 10.57 8.48 9.03 3.25 4.30 2.53 
K e p o n e 40 10.04 9.36 9.67 3.05 4.30 2.90 
K e p o n e 60 10.87 8.56 9.35 2.95 4.05 3.25 
E n d r i n 20 10.99 8.66 8.84 3.20 4.05 3.10 
E n d r i n 40 10.73 8.50 8.43 3.20 4.00 3.30 
E n d r i n 60 11.21 5.50 8.87 3.35 3.60 2.75 
L i n d a n e 20 10.83 9.88 9.14 2.95 3.90 2.80 
L i n d a n e 40 10.62 9.93 9.05 3.28 4.25 3.23 
L i n d a n e 60 10.61 9.79 8.51 2.70 3.60 3.25 
Cont ro l 10.33 10.51 9.44 3.10 3.55 3.15 
o n yield quan t i ty , while normal r a t e s commonly used for controlling c o t t o n soil pests of some 
of t h e tested chemica ls improved y ie ld qua l i ty . 
The tes ted soil insecticides a l so proved to e n h a n c e l int percentage in all exper iments 
w h i c h may be a t t r i b u t e d to the loss of seed weight. 
Residues of t h e tested insect ic ides present in y ie ld ing cotton seeds were always less t h a n 
1 p p m regardless of t h e used c o n c e n t r a t i o n . This resul t indica tes the poss ib i l i ty of using these 
c o t t o n seeds in cotton-seed-oil p r o d u c t i o n . 
Soil insect ic ides tested h e r e w i t h were screened before by the s a m e authors aga ins t 
t h e cot ton leaf w o r m in bersim and c o t t o n plantat ions . The i r persistence in soil was also discuss-
ed , t h e present s t u d y is a con t inua t ion of the previous s tudies dealing w i t h the possibility of 
t h e previous s tud ies dealing with t h e possibil i ty of c o m b a t i n g the co t ton leaf worm and o the r 
c o t t o n pests by us ing soil insecticides. Fu r the r s tudies of t he effect of soil insecticides on soil 
microorganisms will be discussed l a t e r b y the same a u t h o r s to make t h e s t u d y as complete 
as possible. 
Prepared a t t h e Plant P r o t e c t i o n Depar tmen t , H i g h Ins t i tu te of Co t ton , P lan t Pro tec-
t i o n Depar tmen t , F a c u l t y of Agr i cu l t u r e , Univers i ty of Alexandria, B o t a n y D e p a r t m e n t , 
H i g h Ins t i tu te of Co t ton , Alexandr ia . 
A . A . A . G A W A A D , F . H . E L - G A Y A R , A . A . K H A D R 
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the quality of cotton yield 
Effect ive length Mean length Shor t fiber % 
E tay S a k h a Gimmeza E t a y Sakha Gimmeza E t a y Sakha G immeza 
3 7 . 0 3 7 . 8 3 7 . 0 3 3 . 5 3 3 . 8 3 3 . 5 1 8 . 9 3 1 9 . 5 6 1 9 . 4 1 
3 7 . 5 3 7 . 3 3 3 . 8 3 4 . 0 3 3 . 8 2 9 . 5 2 1 . 0 0 1 8 . 4 0 1 6 . 3 4 
3 8 . 0 3 9 . 0 3 8 . 3 3 4 . 0 3 5 . 5 3 3 . 0 2 1 . 6 0 2 1 . 3 6 2 0 . 1 5 
3 7 . 5 3 8 . 6 3 6 . 8 3 4 . 0 3 4 . 0 3 1 . 5 1 8 . 5 7 2 5 . 0 4 1 9 . 6 6 
3 7 . 0 3 9 . 0 3 5 . 0 3 2 . 5 3 5 . 0 3 0 . 8 2 0 . 1 9 2 3 . 5 4 1 5 . 8 4 
3 5 . 5 3 9 . 0 3 6 . 8 3 1 . 0 3 5 . 5 3 2 . 3 2 3 . 3 6 2 1 . 9 5 1 8 . 7 6 
3 7 . 0 4 1 . 0 3 6 . 8 3 3 . 0 3 7 . 3 3 3 . 0 2 3 . 6 0 1 9 . 6 8 2 2 . 7 0 
3 6 . 0 3 8 . 0 3 6 . 0 3 2 . 0 3 4 . 0 3 2 . 3 2 0 . 2 8 1 8 . 3 0 2 0 . 5 1 
3 7 . 5 3 7 . 8 3 7 . 8 3 3 . 5 3 3 . 3 3 4 . 3 2 1 . 2 6 2 0 . 8 4 1 7 . 1 1 
3 8 . 0 3 8 . 3 3 4 . 8 3 4 . 0 3 3 . 5 3 1 . 0 2 0 . 5 3 2 1 . 6 7 1 5 . 2 1 
3 7 . 0 3 6 . 3 3 7 . 3 3 3 . 5 3 1 . 8 3 3 . 0 2 0 . 4 0 1 8 . 9 0 1 9 . 0 9 
3 7 . 0 3 7 . 5 3 7 . 5 3 3 . 5 3 2 . 5 3 3 . 0 2 0 . 8 7 1 7 . 2 9 1 9 . 3 7 
3 7 . 0 3 7 . 0 3 8 . 5 3 3 . 0 3 7 . 0 3 3 . 5 2 1 . 5 5 2 1 . 1 8 1 8 . 6 2 
3 7 . 0 3 6 . 5 3 7 . 5 3 3 . 5 3 6 . 5 3 2 . 5 2 1 . 1 1 2 0 . 5 4 2 1 . 2 6 
3 7 . 5 3 6 . 5 3 6 . 0 3 4 . 0 3 6 . 5 3 2 . 3 2 2 . 1 1 2 0 . 7 7 1 8 . 0 9 
3 5 . 5 3 9 . 5 3 5 . 5 3 1 . 0 3 6 . 0 3 2 . 8 2 2 . 0 1 2 0 . 8 3 2 1 . 4 7 
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Table 4 
Effect of soil insecticides on character of staple (lint percentage) 
Insec t i c ides used and r a t e 
k g s / f e d d a n 
M e a n l int percentage 
G immeza S a k h a E l -Mansoura E t a y 
Kepone 10 kgs 34.9 37.7 37.6 39.3 
Endr in 10 kgs 33.9 35.9 34.5 39.2 
Lindane 10 kgs 35.6 37.7 36.9 39.1 
Dyfona te 5 kgs 35.9 39.3 36.5 39.3 
P P 211 5 kgs 35.4 37.3 36.1 40.0 
Gusathion 5 kgs 33.7 36.8 36.2 40.9 
Control — 34.9 36.7 36.1 37.7 
Kepone 20 kgs 34.7 36.9 35.8 37.3 
Endr in 20 kgs 34.6 30.1 36.9 38.1 
Lindane 20 kgs 34.7 31.4 36.1 39.3 
Control — 35.8 36.3 35.7 37.9 
Kepone 40 kgs 36.2 37.0 36.9 40.4 
Endr in 40 kgs 36.6 36.4 — 41.4 
Lindane 40 kgs 36.1 36.8 35.2 39.8 
Control — 36.0 36.5 36.0 37.4 
Kepone 60 kgs 37.9 37.1 36.6 40.3 
Endr in 60 kgs 38.8 35.8 — 39.4 
Lindane 60 kgs 37.7 37.8 35.5 39.4 
Control — 35.3 36.3 35.8 37.8 
L.S.D. 0.6 0.6 0.7 0.9 
Table 5 
Insecticide-residues present in cotton seeds 
Insec t i c ides X ra te Residues Insecticides X r a t e Residues 
sgs/feddan p .p .m. kgs/feddan p .p .m . 
K e p o n e 10 kgs 0.378 L indane 10 kgs 0.105 
K e p o n e 20 kgs 0.648 L indane 20 kgs 0.154 
K e p o n e 40 kgs 0.676 L indane 40 kgs 0.124 
K e p o n e 60 kgs 0.720 L indane 60 kgs 0.134 
E n d r i n 10 kgs 0.700 Dyfona t e 5 kgs 0.376 
E n d r i n 20 kgs 0.635 P P 211 5 kgs 0.370 
E n d r i n 40 kgs 0.601 Gusathion 5 kgs 0.100 
E n d r i n 60 kgs 0.820 
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E F F E C T OF I R R I G A T I O N A N D C R O P P I N G O N T H E M I C R O B I O L O G I C A L 
ACTIVITY O F T H E SUDAN G E Z I R A SOIL 
I t is generally k n o w n tha t the microbiological a c t i v i t y of the soil is t h e result of t h e 
in t e rac t ion of several f a c t o r s such as soil t y p e , climate, p r e v i o u s cropping, mo i s tu re condit ions, 
fa l lowing, cul t ivat ion e tc . The heavy a lka l ine cracking c lay soil of the S u d a n Gezira which 
lies be tween the Blue a n d White Niles (Long. 32°45' —33°55' E , Lat . 1 3 ° 5 0 ' - 1 5 ° 1 5 ' N ) w a s 
e l a b o r a t e l y d e s c r i b e d b y GREENE ( 1 9 2 8 ) a n d FINCK ( 1 9 6 1 ) . I t is c h a r a c t e r i z e d b y b o t h i t s 
high clay content (40 — 65%) and low level of organic m a t t e r 0.4 — 0.7%). T h e clay plan const i -
t u t e s t he main cot ton produc ing area of t h e country. C o t t o n (Gossxpium barbadense L.), L u b i a 
(Dolichos lablab L.) a n d D u r a (Sorghum vulgare Pers.) u s e d to be grown u n d e r irrigation in 
combina t ion with long fallowing per iods . Now wheat a n d groundnuts are also grown. T h e 
" C o m b i n e d R o t a t i o n s " Expe r imen t i n i t i a t e d in 1931 c o n t r i b u t e s one of t h e series of long-
t e r m t r ia ls conducted a t t h e Gezira Resea rch Station, W a d Medani , to p rov ide practical infor -
m a t i o n on the eva lua t ion a n d i m p r o v e m e n t of crop ro t a t i ons in the Gezira Scheme. An e labora te 
d e s c r i p t i o n o f t h e e x p e r i m e n t w a s p r e s e n t e d b y C R O W T H E R — COCHRAN ( 1 9 4 2 ) a n d B U R H A N — 
MANSI (1967). I t is t o be noted tha t fa l lowing in the S u d a n Gezira general ly refers to r e s t ing 
l and which is u n c u l t i v a t e d . 
Long-term t r e n d s in rota t ion responses of cot ton in t he Sudan Gezira are clearly de-
m o n s t r a t e d in the w o r k of BURHAN —MANSI (1967) a n d JACKSON — BURHAN (1968). T h e 
" c o m b i n e d ro ta t ions" exper iment offers a convenient si te where the cumula t i ve effect of con-
t i n u o u s cropping w i t h one crop like c o t t o n , continuous c ropping with m o r e t h a n one c rop 
e. g., co t ton — D u r a / L u b i a and the e f fec t of intervening fa l lows could be re f lec ted in the soil 
microbiological s t a tus . Ear l ier (JAGNOW 1964a) repor ted on cumulat ive ro ta t iona l e f fec t s 
on Azotobacter n u m b e r s superimposed b y irrigation a n d cropping. The p resen t work w a s 
u n d e r t a k e n on some se lec ted rotat ions t o unders tand t he long- te rm t rends in microbiological 
a c t i v i t y wi th special e m p h a s i s on those r e l a t ed to nitrogen t r ans fo rma t ions . 
The four r o t a t i o n s selected for th i s s t u d y were: — c o n t i n u o u s cotton des igna ted (С —С—); 
c o t t o n a l ternated by D u r a and Lubia (C D/L); co t ton succeeded by D u r a and Lubia fol-
lowed b y two fallows (C —D/L —F —F), a n d cotton fol lowed b y three fal lows (C—F — F — F ) . 
A n y of these ro t a t iona l phases r ep resen t s one season. I t is to be no ted t h a t fallows a re 
hand -hoed to keep t h e m free of weeds, Lub ia is grazed i n situ by folded sheep and t h a t 
D u r a is cut at ground level and removed f r o m the plots. Soil samples were collected 0 — 20 c m s 
f r o m t h e surface in ea r ly J u n e , by t he e n d of the dry season , f rom r o t a t i o n a l phases w h i c h 
would go under co t ton in August of t h e s a m e year. Sample s f rom the D u r a / L u b i a half p lo t s 
were composi ted and o n l y th ree replicates of f ive were s a m p l e d . In the absence of an uncu l t iva t -
ed a n d unirr igated con t ro l t r ea tmen t w i t h i n the expe r imen ta l layout , t he p e r m a n e n t fa l low 
plot (P lo t 141, Gezira Research F a r m ) w h i c h is about o n e mile away f r o m t h e exper imenta l 
site was sampled as a re ference plot. F r o m the pe rmanen t fa l low plot th ree samples were in-
ves t iga ted each being a composite of t e n subsamples d i s t r i b u t e d over an a rea of f ive acres. 
Counts of bacteria, spore- forming aerobic bacteria and ac t inomyce tes were de termined on 
soil e x t r a c t agar (BUNT —ROVIRA 1955), fung i on p e p t o n e — dextrose aga r (MARTIN 1950)  
by s imple dilution p l a t e methods . Azo tobac te r was d e t e r m i n e d on modif ied Ashby ' s m e d i u m 
(ABD EL MALIK —ISHAG 1968), n i t r i fy ing bacteria on S tephensons m e d i u m (STEPHENSON 
1949), a n d denitr if iers o n a ni t ra te mine ra l salt agar us ing t h e most probable number m e t h o d 
accord ing to HALVORSON — ZIEGLER (1933). Dehydrogenase act ivi ty as an indicator of t h e 
microbia l s ta tus of t h e soil was de te rmined according to LENHARD (1956) a n d t h e compara t ive 
occurrence of Rhizobium was inves t iga ted in a pot e x p e r i m e n t using t he L e g u m e Dolichos 
lablab as an indicator c rop . The n i t r i f ica t ion potential of t h e soil was de te rmined by incuba t ion 
wi th a n d without a m m o n i u m sulphate a t 75 per cent wa te r -ho ld ing capac i t y and 30°C a n d 
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Table 1 
Counts of bacteria, spore-formers, actinomycetes and fungi 
R o t a t i o n 
Bacteria 
X W / g m . soil 
Spore-formers 
X I C / m g . soil 
Act inomycetes 
X 107gm. soil 
F u n g i 
X 103 /gm. soil 
C - C 6.5 ( ± 0 . 2 4 ) 0.9 ( ± 0.05) 2.9 ( ± 0.27) 26.8 ( ± 0 . 6 1 ) 
C - D / L 10.0 ( ± 0 . 3 5 ) 1.2 ( ± 0 . 0 3 ) 3.8 ( ± 0 . 3 1 ) 24.1 ( ± 0.87) 
C - D / L - F — F 8.9 ( ± 0.19) 1.6 ( ± 0 . 0 4 ) 4.2 ( ± 0 . 1 5 ) 19.9 ( ± 1.0) 
С — F — F — F 7.0 ( ± 0.15) 2.0 ( ± 0.06) 3.1 ( ± 0.19) 14.9 ( ± 0.8) 
Permanent Fal low 4 . 8 ( ± 0.21) 1.6 ( ± 0 . 0 2 ) 2.1 ( ± 0 . 2 3 ) 15.1 ( ± 1.1) 
carbon d ioxide evolution as a n indicator of t h e minera l ni t rogen s t a t u s of the soil w a s carried 
out according to CORNFIELD (1961). 
Counts of bacteria , aerobic spore-forming bac ter ia , ac t inomyce tes and fung i a r e present-
ed in Tab le 1. I t was ev iden t t h a t the i r r iga ted a n d cropped r o t a t i o n s generally sus ta ined a 
much higher popula t ion of microorganisms t h a n the p e r m a m e n t fallow po t . T h e spore-
formers decreased with an increased in tens i ty of irr igation. F u r t h e r m o r e , ro ta t ions , w i t h Dura 
and Lubia , w i t h or w i thou t fallows, suppor ted a bacterial p o p u l a t i o n markedly h igher than 
either con t inuous cot ton or c o t t o n followed b y t h r e e fallows. T h e propor t ion of b o t h Actinomy-
cetes and aerobic spore-formers in relation to t h e t o t a l bacterial popula t ion general ly increased 
with fa l lowing. Fungi , on t h e o ther hand, s h o w e d appreciable s t imula t ion w i t h cont inuous 
cropping b u t less so when fal lows were i n t roduced in the ro ta t ions . 
T h e coun t s of Azotobacter, ni t r i fying p o p u l a t i o n are p re sen ted in Table 2. Counts of 
Azotobacter ob ta ined by t he m e t h o d used, were generally a b o u t t e n t imes higher t h a n those 
repor ted b y JAGNOV (1964b) in which he used t h i n layers of i nocu lum dilutions suspended in 
agar over ly ing solid n i t rogen-free medium. H o w e v e r , the t rend in coun t s per ta in ing t o rotat ions 
was similar. T h e content of Azotobacter increased wi th the i r r iga ted cropping. I t was found 
t h a t t he inclusion of Dura — Lub ia in the r o t a t i o n resulted in a many- fo ld increase in the Azo-
tobacter c o n t e n t . The counts of Azotobacter t e n d e d to decrease w i t h fallowing. Consider ing the 
p e r m a n e n t grass fallow as a reference plot , t h e ni tr i f iers showed marked s t i m u l a t i o n in the 
ro ta t ion w i t h Dura and Lub ia and little s t i m u l a t i o n with c o t t o n followed by t h r e e fallows. 
Cont inuous co t ton plots, however , were no t v e r y different f r o m t h e pe rmanen t fal low. The 
deni t r i f iers in t he cont inuous co t ton and in t h e Dura /Lubia p lo t s followed b y t w o fallows 
showed an increase. Similar to t he case of Azotobacter, fallowing reduced the n u m b e r s of deni-
trif iers. 
Table 2 
Most probable numbers of Azobacter, nitrifying and denitrifying bacteria ( У10*/gm soil) 





C - C 5.4 1.2 3.5 
C - D / L 9.3 2.3 4.8 
C — D / L — F - F 8.1 2.8 3.5 
C — F — F - F 5.6 1.8 2.8 
P e r m a n e n t Fallow 3.5 1.3 2.4 
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Tab le 3 
Nitrifying potential of the soil from various rotations 
Rotat ion 
Release of ni trate-N Co, evolution w i t h cellulose in 
unamended soil 
p p m N o , —N 
soil + 200 p p m 
NH 4 - N % of 
continuous co t ton 
mgs/100 g soil 
C - C 18.4 100 4.12 (100) 
C - D / L 20.2 138 6.91 (143) 
С — D / L — F — F 19.6 125 7.22 (175) 
C - F - F - F 16.0 115 5.31 (124) 
P e r m a n e n t Fa l low 22.8 92 6.02 (146) 
S .E . of mean ( ± 0 . 3 4 ) ( ± 0 . 5 9 2 ) 
T h e resul ts of t h e n i t r i fy ing p o t e n t i a l of t h e soil as d e t e r m i n e d by i n c u b a t i o n , with 
a n d w i t h o u t a m m o n i u m su lpha t e , are p r e s e n t e d in Table 3. R e l e a s e of n i t r a t e n i t r o g e n by 
i n c u b a t i o n wi thou t a m e n d m e n t showed t h a t w i t h the excep t ion of r o t a t i o n C. F . F . F . , which 
g a v e app rec i ab ly less n i t r a t e p roduc t ion i n excess over or ig ina l n i t r a t e , i r r i ga t ed ro t a t i ons 
g a v e n e a r l y similar va lues . T h e p e r m a n e n t f a l l ow soil on t h e o t h e r h a n d showed a h i g h e r level 
of n i t r i f y i n g ac t iv i ty . H o w e v e r , when soil s a m p l e s were i n c u b a t e d w i th cellulose according 
to CORNFIELD (1961), a d i f f e r en t p ic ture e m e r g e d wi th c o n t i n u o u s c o t t o n giving l e a s t nitri-
f i c a t i o n po ten t i a l fo l lowed b y r o t a t i o n С — F — F — F , and h ighes t a c t i v i t y was o b t a i n e d f rom 
r o t a t i o n С — D / L — F — F fol lowed b y C —D/L. T h e d i f ferent r e s u l t s ob ta ined u s i n g t h e two 
t e c h n i q u e s for assessing n i t r i f i ca t ion p o t e n t i a l a re probably i n d i c a t i v e of the d i f f e r e n t i a l cel-
lulose a c t i v i t y of mic ro -organ i sms s u p e r i m p o s e d b y the decompos i t ion of crop res idues . F u r t h e r -
m o r e , as a resul t of t h e d i f fe ren t i a l h i s to ry of i r r iga t ion and c r o p p i n g bo th t h e p h y s i c a l and 
c h e m i c a l cha rac te r s of t h e soil are l ikely t o he a l tered (FADL 1964, RAI 1965). DUBOV (1932)  
a n d BELCHIKOVA (1949) r e p o r t e d t h a t t h e r a t i o of the humic t o t h e fu lvic acid f r a c t i o n m a y 
v a r y g r e a t l y unde r d i f f e r e n t cu l t iva t ion a n d i r r iga t ion prac t ices . Organ ic m a t t e r con ta in ing 
d i f f e r e n t r a t ios of these t w o m a i n c o m p o n e n t f r a c t i o n s of h u m u s were f o u n d to d i f f e r i n availa-
b i l i t y t o soil microbes (KONONOVA 1961). 
E n z y m a t i c a c t i v i t y ind ica ted b y d e h y d r o g e n a s e is p r e s e n t e d i n Tab le 4. D e h y d r o g e n a s e 
a c t i v i t y showed m a r k e d s t i m u l a t i o n in t h e r o t a t i o n С — D / L a n d С — D / L —F — F a n d was least 
in r o t a t i o n C — F — F — F . 
Tab le 4 
Dehydrogenase activity of some rotations 
Rotat ion 
Dehydrogenase a c t i v i t y 
(comparative r educ t ion 
of TTC) 
С — с 2 7 ( 1 2 5 ) 
С — D / L 6 3 ( 2 8 6 ) 
С — D / L - F - F 5 4 ( 2 4 5 ) 
C - F - F - F 2 2 ( 1 0 0 ) 
P e r m a n e n t Fal low 3 8 ( 1 7 2 ) 
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Table 5 
Mean number and dry weight of nodules of Lubia plants 
Rotat ion 
Mean number of nodules 
(3 pots) 
Mean dry wt . of nodules 
(mgs) (3 po ts ) 
C - C 1.2 2.5 
C - D / L 36.0 38.5 
C - D / L — F - F 25.5 24.2 
C — F — F — F 1.8 2.7 
P e r m a n e n t Fallow 3.5 2.5 
A study was car r ied out of t h e r e l a t ive abundance of Rhizobium sp. nodula t ing Dolichos 
lablab in the same p h a s e s of r o t a t i o n s mentioned above . Lubia was chosen as an indicator 
c r o p because it is t h e leguminous c r o p in the rota t ion a n d a t the same t i m e nodulated b y a 
v a r i e d group of Rhizobium strains (HABISH KHAIRI 1968). Number of nodules and dry weights 
p e r p o t are p resen ted in Table 5. T h e resu l t s clearly i nd i ca t ed to a b u n d a n c e of Rhizobium in 
r o t a t i o n s carrying L u b i a . The in tens i ty of Lubia cu l t iva t ion in the ro t a t i on h a d a direct e f fec t 
o n t h e number of nodules and the i r d r y weight which is indicat ive of t h e propagat ion of 
Rhizobium with t h e in tens i ty of t he l e g u m e cul t ivat ion. Nodula t ion in con t inuous cot ton soil 
a n d soil from the c o t t o n followed b y t h r e e fallows was min ima l and was s l ight ly less t h a n in 
t h e permanent fa l low soil. 
The above m e n t i o n e d results p i n t e d clearly to t h e intensif icat ion of t h e microbiological 
processes with i r r i ga t ion varying wi th t h e crop rotat ion a n d fallows. JAGNOW (1964a) a t t r ibu ted 
t h e st imulat ion of Azo tobac te r to t h e n a t u r e and a m o u n t of crop res idues l e f t af ter harves t . 
MUKHTAB-MUSA (1967) invest igat ing t h e effect of roo ts , s t ems and leaves of rota t ional crops 
o n t h e soil microbial popula t ion came t o similar conclusions. I n the p resen t s t u d y great in teres t 
w a s directed to t h e ni tr i f icat ion — deni t r i f ica t ion re la t ionships . R o t a t i o n s did not usual ly 
s h o w the close a g r e e m e n t expected b e t w e e n the n u m b e r s of nitrifiers a n d t he ability of t h e 
soil t o produce n i t r a t e on incubat ion u n d e r set condi t ions as shown in Tab le s 2 and 3. This 
i n d i c a t e d that i t w a s t h e activi ty of ni t r i f iers which w a s probably d i f f e r en t in the var ious 
r o t a t i o n s . However, i t may be conc luded that where L u b i a was inc luded in the ro t a t i on 
n i t r i f i ca t ion was e n h a n c e d and t h a t in tens i f ied ro ta t ions w i t h cont inuous c o t t o n and C —D/L 
s t i m u l a t e d the den i t r i f i e r s to a greater e x t e n t as a resul t of t he supply of heterogenous organic 
r e s idues as well as excre t ions f rom t h e rhizosphere. These f indings are in l ine with those re-
p o r t e d b y HARMSEN — VAN SCHREVEN ( 1 9 5 5 ) . DELWICHI ( 1 9 5 6 ) a n d BREMNER —SHAW ( 1 9 5 8 ) . 
Fal lowing , though s u p p o r t e d fewer n i t r i f y ing popula t ions , seemed to su s t a in high ac t iv i ty 
a n d a t the same t i m e sustained a compara t i ve ly smaller deni t r i fy ing popu la t i on . Besides t h e 
c h a n g e in the n i t r i f ie rs some other b e n e f i t s in the form of t h e physical i m p r o v e m e n t of the soil 
a t t r i b u t e d to fa l lowing (CROWTHER 1943, JONES 1958) shou ld not be ruled ou t . The pe rmanen t 
f a l l o w soil showed m a r k e d nitrate p r o d u c t i o n which is t yp i ca l of virgin a n d uncul t iva ted soils 
w h e n f irst d is turbed, a n d higher cellulose decomposing ac t i v i t y . I r r igat ion, on the other h a n d , 
inc reased the c a p a c i t y of the soil t o n i t r i f y added a m m o n i u m sulphate as compared to t h e 
p e r m a n e n t fallow soil (Table 3). Similar results for R u s s i a n soils were r e p o r t e d by KONONOVA 
(1961) . 
Enzymat ic a c t i v i t y , indicated b y dehydrogenase ac t iv i ty was closely related to t h e 
gene ra l trends of t h e microbial p o p u l a t i o n . Under o p t i m u m condit ions, t h e dehydrogenase 
a c t i v i t y seemed to b e a good indica tor of the microbial s t a t u s of the soil w i t h special bear ing 
o n t h e easily decomposab le content soil carbon. Soils which showed low dehydrogenase 
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act ivi ty were markedly s t i m u l a t e d on incubat ion wi th the addi t ion of a low concen t ra t ion of 
glucose b u t n o t with the a d d i t i o n of nitrogen ( au tho r ' s unpubl ished work) . This was a n indica-
tion t h a t t he microbial a c t i v i t y of the Gezira soil was restr ic ted m o r e b y the short s u p p l y of 
available c a rbon than by n i t rogen . MUSA — MUKHTAR (1969) repor t ing on the enzymat ic a c t i v i t y 
of a Gezira soil profile reached similar conclusions. 
The effect of ro ta t ions on t h e abundance of Rhizobium showed t h e superiority of r o t a t i o n s 
including t h e legume Lubia in re la t ion to ro t a t ions wi th cot ton a n d fal lows only a n d t h e per-
manen t fal low plot. Inocu la t ion m a y thus be needed if ro ta t ions w i t h o u t a legume s u c h as 
cont inuous co t ton or С — F — F — F are to suppor t a good crop of L u b i a . A prel iminary su rvey 
of the occurrence of weed f lora in fallows out l ined t h e absence of l eguminous weeds in t h e above 
ro ta t ions ; t h e weeds were p redominan t ly g raminaceous (Brachiaria eruciformis) w i t h some 
dicotyledonous ephemeral f l o r a showing u p du r ing the ra iny season. The slight increase in 
the number of nodules in t h e p e r m a n e n t fallow p lo t could be due t o t h e presence of some of 
the l eguminous weeds name ly t h e Crotalaria a n d Tephrosia spp. (BASHIR 1970). 
The per formance of t h e s e ro ta t ions in t e r m s of the yield of t h e unfert i l ized co t ton 
( B U R H A N — M A N S I 1 9 6 7 ) a n d o f t h e f e r t i l i z e d c o t o n ( J A C K S O N — B U R H A N 1 9 6 8 ) p o i n t e d t o t h e 
superiori ty of the fallow over D u r a and Lubia w h e n immedia te ly p reced ing cotton. I n add i t i on 
Lubia p roved to be superior t o D u r a in enhancing co t ton yields in r o t a t i o n s especially where 
no fallow preceded the co t ton . I t was also f o u n d t h a t pa r t or all t h e ro ta t ional ef fec t c a n be 
reduced b y t h e applicat ion of n i t rogen. Exp lana t ions of bo th the fa l low effect in the r o t a t i o n s 
having c o t t o n and fallows on ly and the effect of crops like Dura a n d Lubia were s o u g h t in 
their i m p a c t on soil me tabo l i sm. The results of microbiological a c t i v i t y indicated t h a t (1) 
fallowing general ly reduced t h e intensi ty of soil microbiological processes namely n i t rogen 
fixation b y Azotobacter, n i t r i f i ca t ion and deni t r i f ica t ion in ro t a t i on w i t h cotton a n d fal lows 
only (2) fal lowing sustains a m u c h higher microbiological ac t iv i ty i n ro ta t ions with D u r a and 
Lubia. JAGNOW (1964a) r e p o r t e d t h a t in one fa l low year there is a smal l change in soil organic 
mat te r whereas gains under i r r iga ted phases of co t ton , Dura and L u b i a were p ronounced and 
records as m u c h as 420 kg N / h e c t a r e — 60 cm soil were calculated f r o m changes in organic 
nitrogen u n d e r Lubia, which is a legume, and a b o u t half this value u n d e r Dura, a non- legume. 
Exp lana t ions could not be f o u n d in the Azotobacter con ten t alone as n u m b e r s were low a n d the 
energy s t a t u s of the soil was n o t adequate for t h e he tero t rophic a c t i v i t y of non-symbio t ic 
Azotobacter. Some form of a u t o t r o p h i c ni trogen f ix ing act ivi ty d u e to algae was p o s t u l a t e d 
(JAGNOW 1964a). JONES (1957) invest igat ing t h e long- term changes in organic n i t rogen and 
n i t ra te f o r m a t i o n concluded t h a t soil organic n i t rogen and n i t r a t e n i t rogen in the " c o m b i n e d 
ro t a t i ons" did no t func t ion in close in te rdependence which implies e i ther differences in the 
type of soil organic nitrogen or differences in t h e physical na tu re of t h e soil super imposed by 
ro ta t ion t h u s affect ing the e x t e n t of nitrogen t r ans fo rma t ion . Aga in , suppor t for the n e t loss 
of ni trogen a n d carbon in t h e fa l low phase could be found in the work of CROWTHER (1941). 
In compar ing ro ta t ions of equa l lengths Crowther calculated t h a t over twen ty years average 
yields showed t h a t more n i t r ogen is utilized in t w o crops over two y e a r s t h a n in one c rop and 
a fallow. This was the case w i t h co t ton-Dura a n d cot ton-Lubia , t h e l a t t e r providing excess 
nitrogen to suppor t another c o t t o n crop. T h a t Lub ia resulted in m e a s u r a b l e increases in organic 
nitrogen is no t surprising as nodu la t ion was sa t i s fac to ry and no t m u c h of the res idues were 
removed f r o m the plots. H o w e v e r , the deleterious effect of Dura was clearly d e m o n s t r a t e d in 
the three course ro ta t ions (FERGUSON 1953) whereas in the case of t h e "combined r o t a t i o n s " 
with the a l t e rna t ing D u r a - L u b i a phases the res idual effect bes towed b y the Lubia seemed 
to persist a n d showed itself i n good cotton yields in spite of the f a c t t h a t the Dura res idues 
were low in ni t rogen and t h a t t h e y took a long t i m e to decompose (MUSA 1965). I t c a n t h u s 
be summed u p t h a t tak ing t he p e r m a n e n t grass fa l low as a reference p lo t the impact of c ropp ing 
and i rr igat ion depends on t he c ropping pa t t e rn a n d t h a t fallowing r educes soil biological ac t iv -
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i t y as a resul t of b o t h moisture s t a t u s and scarc i ty of p l a n t residues. F u r t h e r m o r e , soil micro-
biological a c t i v i t y namely n i t r i f i c a t i o n and n i t rogen f i x a t i o n were e n h a n c e d by i r r igat ion a n d 
c ropp ing . T h u s t h e beneficial e f f e c t a t t r i b u t e d to t h e f a l low does not s eem to func t ion t h r o u g h 
i t s impac t on e n h a n c e d soil microbio log ica l a c t i v i t y . 
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Taxonomical place: Setaria italica (L.) P. B. convar. moharia (Alef.) My. 
Origin: Improved by indiv idual selection f rom a commercial var ie ty grown a t Mezőhegyes. 
Beginning of breeding: 1974, Mezőhegyes. 
Breeders: Pál Bacsa and Vendel Miseta, Kiszombor. 
State qualification : provisionally certified improved variety 1956. s ta te certified var ie ty 1963. 
General characterization : a resistant var iety growing high, developing a thick foliage with broad 
leaf blades and producing yellow seeds. 
Morphological description: 
Root system: deep penetra t ing, s t rong 
Shoot system: 70 — 120 cm high s t rong main shoot; the number of laterals may be 1—7. 
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Stem: l ight g r e e n s t r aw, r e s i s t a n t t o lodging; s te in d i a m e t e r : 4,5 — 5 m m . 
Foliage: 18 — 41 c m long a n d 8 — 20 m m b r o a d l inea r - l anceo la te leaf b l a d e . N u m b e r 
of ve in s 5. T h e m a i n r ib b u l g e s on the lower s u r f a c e of t he leaf . T h e leaf b lade is 
of d a r k yel lowish g reen co lour , w i t h t h i n pubescence on t h e u p p e r sur face . 
On t h e b o r d e r of t he leaf b l a d e and leaf s h e a t h is t he l o n g - b e a r d e d ligule. The 
leaf s h e a t h is covered w i t h a sho r t pubescence , w i t h long b e a r d s a t t he edges. 
The n u m b e r of leaves is 9 —10. 
Inflorescence : cy l indr ica l , s l igh t ly b e n d i n g 15 — 21 c m long and 1,5 —1.9 c m wide panicle . 
The n u m b e r of t he t h i c k l y se t panicle b r a n c h e s is 70 — 135. T h e m a i n axis and 
t h e s h o r t b r a n c h e s of t h e panic le are cove red w i th long ha i r s . T h e spikelets are 
s l ight ly e longa ted , t he i r l e n g t h is 10 m m , w i d t h 8 m m . T h e sp ike le t s con t a in 
8 — 10 f l ower s , b u t only a p a r t of t h e m are fe r t i l e . T h e g lumes a re of l i g h t yel lowish 
green co lour , their n u m b e r is 3. The lower g l u m e has 3, t h e m i d d l e 5 a n d t h e 
u p p e r 6 ve ins . The pan i c l e on t he m a i n ax i s weighs 4 g, t h e a w n e d gra ins in i t 
2 . 5 - 3 . 1 g . ( B Á N Y A I 1 9 7 3 ) . 
Flowers : c losed by t he awns ; t h e a w n s are t r a n s p a r e n t , of yel lowish co lour . T h e a n t h e r s 
are och re . T h e s t igmas a r e 2 — 3 in n u m b e r , of f e a t h e r y s t r u c t u r e a n d whi t i sh . 
Fruit: g ra ins cove red by awns . T h r a s h i n g p e r c e n t a g e 30 — 39. The a w n s a r e l ight honey 
co loured . T h o u s a n d - g r a i n - w e i g h t 2.9 — 3.7 g. 
Biological characters : 
Germination : o p t i m u m at a soil t e m p e r a t u r e of 19 — 21 °C. 
Vegetation period: 110 — 130 d a y s , w i t h 64 — 67 d a y s f r o m sowing t o f l o w e r i n g (BÁNYAI 
1973). R i p e n i n g a t t h e e n d of A u g u s t , b e g i n n i n g of S e p t e m b e r . 
U ater requirement : d r o u g h t t o l e r a n t , w i th low w a t e r r e q u i r e m e n t s (KAPÁS et al. 1965). 
Resistance to disease: r a t h e r r e s i s t a n t t o s m u t . 
Farm technology requirements : 
Seeding: o p t i m u m in the second half of J u n e . 
Soil requirement : no th ing special . R e a c t i v e to m a n u r e app l i ed to t h e f o r e c r o p . 
Productivity : g r a i n yield an a v e r a g e of 10.7 q / h a (CSÁK 1963), g reen c r o p 181.4 q /ha 
on a n a v e r a g e . 
Region of cultivation : any reg ion of H u n g a r y . 
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FORUM 
STATISTICAL C O M P A R I S O N O F T H E A N G L E S O F MAIN R I B S I N T H E L E A V E S 
A N D L E A F R E M N A N T S O F P L A T A N U S A C E R I F O L I A (AIT. ) W I L L D . 
A N D P L A T A N U S A C E R O I D E S ( G O E P P . ) H E E R (FOSSIL) 
By 
F . R A D I C S 
Botan ica l D e p a r t m e n t of t h e Hungar ian N a t u r a l History M u s e u m , Budapes t 
The s t a t i s t i ca l comparison of leaf pa ramete r s in t he Tert iary ( S a r m a t i a n ) p la tan a n d t he 
recent Plalanus acerifolia shows a high similitude be tween the two plane-trees . This f a c t a n d 
t h e supp lemen ta ry invest igat ions suggest tha t t h e Platanus acerifolia is not a hybrid of e i the r 
the eastern or t h e western p l a t a n or a progeny of o n e or the other, b u t corresponds to t h e t y p e 
of the und i f f e r en t i a t ed Ter t i a ry pr imeval pla tan. 
Introduct ion 
The t a x o n of Platanus acerifolia (Ait.) Wil ld . was first descr ibed by W. AITON (1789) 
as a var ie ty of Platanus orientális L.: P. orientális L . var . acerifolia A i t . , and later r a i s ed to 
the rank of species by WILLDENOW (1805). This o r d e r of rank w a s accepted by W. TOWN 
AITON (1813) in t h e second edi t ion of the Hortus Kewens i s noting t h a t t h i s plane-tree h a d been 
introduced in E n g l a n d before 1724 by R. Furber f r o m its native p lace , the Levant (p . 305). 
SPACH (1842) summed u p t h e pla tans descr ibed so far under t h e n a m e P. vulgaris S p a c h , 
so the above t a x o n became P. vulgaris var. acerifolia Spach. He f u r t h e r mentioned t h a t t h i s 
var ie ty was t h e m o s t common one in the culture f l o r a . 
LOUDON (1854), on the o t h e r hand, again descr ibed this p l a t a n as Platanus orientális 
var . acerifolia A i t . (p. 2033), while JAENNICKE (1901) again dis t inguished it as a p lant species 
b y the name P. acerifolia (Willd.) J a e n n . noting t h a t i t may have b e e n only a " fo rma c u l t a " , 
perhaps a v a r i e t y of P. occidentalis or even a h y b r i d of P. occidentalis X orientális, (p . 121). 
BROTERUS (1804) was t he f i r s t to describe t h i s plane-tree as a h y b r i d : Platanus hybridus 
Brot, on the g r o u n d s tha t it seemed to be the h y b r i d of the eastern a n d western p la t an . A f t e r 
i ts leaves, however , he thought t h a t it may have b e e n a variety of P . orientális (p. 487). 
According t o DE CANDOLLE (1864) this p l ane - t r ee — regarding i ts leaves — is close to 
the western, a n d even more so t o t h e eastern p l a t a n f r o m which s o m e t i m e s it can h a r d l y be 
distinguished (p. 159). 
The few examples given a b o v e clearly show t h e uncer ta inty a n d contradict ions h a v i n g 
existed — and sti l l existing — in science or even in p rac t i ce (hor t icu l ture , public opinion) con-
cerning the iden t i f i ca t ion and t a x o n o m y of this a n d t h e other p lane- t rees . 
The p r i m e v a l p la tan Platanus aceroides was f i r s t described b y GOEPPERT (1855) f r o m 
the Tert iary f l o r a of Schossnitz w i t h four and six r e sp . other pr imeval p l a t a n species (p . 20 —  
22.); these species were summed u p b y HEER (1856) in such a way t h a t t he name P. aceroides 
(Goepp.) Heer e v e n got a d i f fe ren t meaning f rom t h a t in Goeppert (p . 71). 
Goepper t po in ted out t h a t t h e fossile p l a t a n species described b y him were so s imi la r 
to those exis t ing in his days t h a t one would have b e e n inclined to t h i n k t h e m identical (p . 20). 
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Heer, too, said tha t one v a r i e t y of the c o n t r a c t e d fossile p l a t a n species was closely 
re la ted with P. acerifolia, while t h e o ther varieties corresponded — in his opinion — to P. 
occidentalis (p. 74). 
According t o SAPORTA (1881) t h e equivalent of P. aceroides Goepp . is a native of E a s t -
Asia, and the p l a t a n indicated a mi ld , wet climate a t t h e beginning of t h e Pliocene (p. 317). 
Since in H u n g a r y , due to t h e favourable cond i t i ons of fossi l izat ion, a great m a n y leaf 
r e m n a n t s of p r i m e v a l plane-trees h a v e been found i n t h e Sarmat ian vege ta t ion of wa te r - s ide 
valleys Andreánszky (ANDREÁNSZKY 1959) is of t he op in ion tha t only o n e p la tan species l i ved 
here a t t h a t t ime , generally called P. aceroides Goepp. , f u r t h e r , t ha t t h i s p l a t a n was the p r i m e -
va l form of the e a s t e r n and western p l a t a n species (pp . 75 — 76). This op in ion of his is c o n f i r m e d 
in a subsequent w o r k (ANDREÁNSZKY 1965). 
The origin of t he pla tans was dea l t with by JANKÓ (1889). He s t u d i e d the first l eaves of 
young developing spring, summer a n d au tumn shoo t s of a single t r ee of — supposedly —-
P. orientális L. , t h e n compared t h e m wi th the d rawings of leaf r e m n a n t s of primeval p l a t a n s 
described so fa r f r o m a compara t ive morphological p o i n t of view. H e t h o u g h t to have f o u n d 
leaf forms typ ica l of b o t h the ex is t ing and primeval p l a t a n s in progressing phases of t he vege-
t a t i o n period. 
J a n k ó descr ibed the p lane- t ree species P. acerifolia Willd. as P. orientális var. acerifolia 
(Ait .) , and charac te r ized the p r i m e v a l p la tan P. aceroides Goepp. as a less developed f o r m of 
P. occidentalis L. (p. 435). Otherwise , in Jankó ' s op in ion P. hybridus B r o t , is a s y n o n y m of 
P . occidentalis L. (p . 456). 
In his inves t iga t ions J a n k ó f ina l ly arrived a t a po in t where he dec lared tha t t he t r a d i -
t iona l ("classic") concept of species could not be app l i ed to the p la tans , a n d tha t he only u s e d 
t h e categories of species-var ie ty-form for the purpose of taxonomical descr ipt ion and d i s t i nc -
t i on (p. 447). 
I t m u s t be no ted here t h a t t h e above m e n t i o n e d primeval p l a t a n was s u b s e q u e n t l y 
f o u n d not only i n the Hungar i an Pliocene (see t h e phytopaleonto logica l collection i n t h e 
Hunga r i an N a t u r a l His tory Museum) b u t also in t h e Bulgar ian Ple is tocene (Flora Bu lgá r i áé , 
1970. IV. p. 617). 
I t was b y t he afore out l ined s i tua t ion and a b o v e all by the n u m e r o u s Sa rma t i an leaf 
impr in t s found in H u n g a r y as well as t h e results of inves t iga t ions in to t h e Sarmat ian f l o r a a n d 
vege ta t ion (ANDREÁNSZKY 1959) t h a t t h e author w a s encouraged to m a k e biométrie c o m p a r i -
sons between t h e P . acerifolia (Ait .) Wil ld. and P . aceroides (Goepp.) H e e r taxons. 
Material and Method 
The ma te r i a l chosen for t he compar ison of t h e t w o taxons cons is ted of leaves f r o m t h e 
cca. 200 years old p l a t ans of the B u d a p e s t Town P a r k a n d from the m u c h younger p l ane - t r ee 
alley a t Gizella-telep, Visegrád, on t h e one hand ( P l a t e I , ) and of t he m o s t l y fract ional lower 
a n d upper S a r m a t i a n p la tan leaf i m p r i n t s kept in t h e phytopaleonto logica l collection of t h e 
H u n g a r i a n N a t u r a l His tory Museum. 
The S a r m a t i a n leaf specimens (26 of the lower , 19 of the u p p e r Sarmat ian) f o u n d a t 
N o r t h - H u n g a r i a n sites d is tant f r o m one another were chosen for reasons t o be mentioned l a t e r . 
(These leaf i m p r i n t s sometimes show t h e upper , s o m e t i m e s the lower leaf surface.) 
As the f ie ld -work was not p r imar i ly aimed a t obta in ing per fec t ly in tac t p la tan l e a v e s 
f r o m the layers — since the f ami ly of p la tans be longing to a single g e n u s and species a n d a 
re la t ively u n c h a n g e d water-side phytocenos is c a n n o t contr ibute m u c h informat ion t o t h e 
phytopaleonto logica l researches — t h e leaf impr in t s a re ra ther f r a g m e n t a l . Nevertheless, t h e 
branching of t h e m a i n ribs — which is of decisive i m p o r t a n c e in i d e n t i f y i n g the f inds — h a s 
remained re la t ive ly in tac t . At t he s a m e t ime the d e v i a t i o n of the l a t e r a l r i b — on the r e c e n t 
specimens — p r o v e d to be a charac te r i s t i c leaf p a r a m e t e r in accordance w i t h the p r o p o r t i o n s 
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Plate I 
Fig. 1. T w o P. acerifolia ( a i t . ) Willd. trees f r o m the Budapest T o w n Park; Fig. 2. Alley of 
P. acerifolia (Ait . ) Willd. a t Visegrád, Gizel la- telep; Fig. 3. Pee l ing t r u n k and f r u i t bal ls of a 
p lane- t ree at V i seg rád ; Fig. 4. F r u i t spikes of a p l ane - t r ee a t Visegrád 
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of t he to ta l length a n d width of the leaf blade. (When measu r ing the angle of deviation, on t h e 
lower leaf surface a lways the r igh t -s ide , while on the u p p e r leaf surface t h e left-side la te ra l 
m a i n rib was t a k e n in considerat ion.) 
Since the leaf impr in t s were o b t a i n e d from ten d i f f e r e n t sites t h e y fu l f i l led the require-
m e n t of random sampl ing . 
The afore m e n t i o n e d p la tan l eaves (100 — 140 in n u m b e r ) of the B u d a p e s t Town P a r k 
a n d Visegrád were collected — s imi la r ly at random — f r o m a mass of f a l l en leaves in t h e 
a u t u m n of 1973. 
The angles were measured p a r t l y b y a plastic t r i a n g l e openable a t o n e side, partly by a 
c o m m o n semicircular angle gauge s ince t he former can o n l y be used up to 45 degrees ( q u a n e i - , 
hal f - and th ree -qua r t e r degrees were de te rmined by e s t ima t ion ) . 
For the respec t ive recent p l a t a n leaves the n u m b e r of the leaf lobes and of the t e e t h 
i n t he middle lobe, as well as the s h a p e of the leaf base a n d of the sinuses a t t he leaf margin — 
t h a t rendered it possible to establish t h e i r percentage occur rence — were r ecorded . 
Pla tes I I — I V i l lustrate s imple development f o r m s characterist ic of t h e leaf base of P. 
acerifolia (Ait.) Wil ld . though they m o s t frequently occur specimens combina t ions . As a m e r e 
cont ro l — in t he absence of a su f f i c i en t number of o r ig ina l in various — angles enclosed b y 
t h e main ribs in t h e drawings of P . orientális L. and P . occidentalis L .were also measured in 
t h e m o n o g r a p h o f J A E N N I C K E ( 1 9 0 1 ) . 
For the s t a t i s t i ca l calculat ions relevant tab les of the work b y CAVALLI — SFORZA 
(1965) and FISCHER YATES (1957) were used. 
In the p l a t a n monograph of JAENNICKE (1901) measu remen t s of t h e length of the leaf , 
t h e uppe r and lower lobe of the leaf as well as of the pe t io le , fur ther , of t h e l eng th of one u p p e r 
a n d one lower lobe pe r each with t h e r a t i o of the two l a t t e r expressed in f rac t ional form a r e 
g iven for Platanus acerifolia and t h e o t h e r platan species alike (p. 213). O n l y the total l eng th 
of t h e leaf was not compared to its l a rges t at tained w i d t h , nor was the f r a c t i o n a l value of t he i r 
r a t i o calculated. 
T h a t is why he could not not ice t h a t the f rac t iona l va lue of the r a t i o between the t o t a l 
l eng th and largest w i d t h of the p l a t a n leaf increased in p ropor t ion with t h e decreasing va lues 
of angles enclosed b y t he respective m a i n ribs. (This observa t ion has b e e n proved right b y 
n u m e r o u s random tes t s . ) 
Some angles a n d the f r ac t iona l values of the corresponding r a t i o s in platan leaves 
f r o m Visegrád are g iven below: 
Results 
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Plate II 
Fig. 1. Round-shaped leaf base ; Fig. 2. Wedge-shaped leaf base: Fig. 3. Cut-shaped leaf base; 
Fig. 4. Down-bowing or s u b c o r d a t a shaped leaf base 
On t h e basis of these measur ing da ta a n d calculations t h e informat ive i.e. p a r a m e t e r 
value of t h e r ib angles has become obvious. I t is par t icular ly i m p o r t a n t because t h e angles 
enclosed b y t he main ribs can be measured on t h e mostly f r a g m e n t a l leaf imprints of p r imeva l 
platans too . ( W i t h an openable t r iangular angle gauge even if the p o i n t of branching is missing.) 
In t h e absence of decis ive diagnostical morphological cha rac te r s the p l a t a n s tudies 
a t tach i m p o r t a n c e to the n u m b e r of lobes and s h a p e of the leaf base ra ther than to t h e dep th 
of the s inuses at the leaf edge , or the number of t ee th , etc. 
The percentage d i s t r i bu t ion of the n u m b e r of lobes and shape of the leaf base in the 
140 leaves of P. acerifolia (Ai t . ) Willd. f rom t h e Budapes t Town P a r k , when c o m p a r e d with 
tha t in t h e ident ical "spec ies" Visegrád p la tans shows a great var iab i l i ty (Tables 1 — 2). 
1 5 Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
2 2 6 f o r u m 
Table 1 
Percentage distribution of the number of lobes and shape of leaf bases in the plane-trees 
of the Budapest Town Park 
N u m b e r of lobes 0 3 5 7 
Dis t r ibu t ion o % 35% 65 % 0 % 
L e a f base R o u n d 
Wedge-




b ina t ions 
Dis t r ibu t ion 1 S ° / / 0 1.5% 15 .3% 45.7°/ 0 3 6 % 
The aspec t s for the morphological classification of leaf bases are seen in Fig. 1. I t m u s t 
be noted tha t t h e p l a t a n leaf somet imes shows a s t a t e of overdevelopment , when before t h e 
pet iole , or even o n t h e petiole itself a small lobe e i ther connected with or sepa ra ted f rom t h e 
leaf blade is f o r m e d , and transit ions m a y exist be tween t h e outlined forms of leaf base too. 
The more complex form of t he leaf base may m e a n a t the same t ime t h e increased t h e n 
t ree too. On t he o t h e r hand, often t h e r e are larger leaves wi th thinner a n d sof ter tissues a n d 
S i m p l e f o r m s S i m p l e and c o m p l e x c o m b i n a t i o n s 





> ) ч 
) /г 
9 ! 
4 Í " 
10 
Fig. 1. Outl ines of leaf base fo rms . (1 = round; 2 = wedge-shaped; 3 = c u t ; 4 = subcor-
d a t a ; 5 = round -wedge ; 6 = wedge-cu t ; 7 = c u t - s u b c o r d a t a ; 8 = round-wedge-cu t ; 9 = 
round-wedge-cu t - subcorda ta ; 10 = wedge-cu t - subcorda ta ) 
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Table 2 
Percentage distribution of the number of lobes and shapes of leaf bases 
in the platan trees of Visegrád 
N u m b e r of lobes 0 3 5 7 
Dist r ibut ion 0 % 45% 55% 0 % 




c o r d a t a 
Com-
binations 
Dist r ibut ion W D
 /0 30% 21% 2 4 % 20% 
less developed shape , or more deve loped but smaller leaves with th i cke r , harder tissues. T h e 
l a t t e r phenomena are certainly caused by the inf luence of physiological or ecological f a c t o r s . 
The use of leaf imprints f r o m t h e Sarmat ian p r i m e v a l p la tan in s ta t i s t ica l compar i sons 
was not only due to their f r equen t occurrence in H u n g a r y or the recogni t ion of the p a r a m e t e r 
n a t u r e of the r i b angles. 
The work of ANDREÁNSZKY (1959) on p r imeva l f lo ra and v e g e t a t i o n uncovered a l m o s t 
completely t he S a r m a t i a n woody f l o r a of this area. H e could also es tabl ish t h a t no such e x t e n t 
of change had occurred either be fo re or after in t he p a t t e r n of vege t a t i on while the p r i m e v a l 
p l a t a n as a gallery forest tree r e m a i n e d fairly u n c h a n g e d . On the g r o u n d of his inves t iga t ions 
he assumed t h a t t h e Sarmat ian cond i t ions east of H u n g a r y had set in l a t e r , and the H u n g a r i a n 
Sa rma t i an f lora corresponded to t h e Pliocene f lora of the Balkan Pen insu l a (p. 312 — 320). 
Thus t he survival of the p r i m e v a l platan in t h e Medi ter ranean r eg ion is easily imag ined 
a n d made — otherwise — p robab le b y the afore men t ioned Bulgar ian f inds of Ple is tocene 
pr imeval p la tans . All this increases t h e informative v a l u e of the H u n g a r i a n imprints of p r ime-
va l p la tan leaves. 
The s ta t i s t ica l comparisons were made in t he fol lowing way: 
The f requenc ies of rib angles measured in P. acerifolia (Ait.) Wil ld leaves obtained f r o m 
t w o different places (Budapes t , T o w n Pa rk — Visegrád, Gizella-telep) were grouped in classes 
w i t h identical in tervals . The class in terva ls were rep laced by class m e a n s , while the a c t u a l 
m e a n values b y a rb i t r a ry mean v a l u e s ("es t imated ave rage" ) (Table 3). 
The m e a n va lue and s t a n d a r d deviat ion of P . aceroides (Goepp.) H e e r leaf impr in ts were 
de te rmined b y a digi ta l computer (45 in number). 
The va r i a t i on range of r ib angles in 45 leaves of the S a r m a t i a n P. aceroides (Goepp . ) 
Hee r was 24.75 — 48°; the mean v a l u e : x = 37° and t h e s t andard dev ia t ion : s = 6. 
The compar i son of these s t a t i s t i ca l data of P. aceroides with t he corresponding va lues of 
P . acerifolia f r o m the Town Pa rk seems to confirm a s t a t e m e n t by JANKÓ (1889) namely, t h a t 
in the p la tan leaves the angle enclosed by the cen t ra l a n d lateral m a i n r i b s has gradual ly in-
creased with t he advancemen t of t h e geological epochs —thus since t he S a r m a t i a n too (p. 432). 
However , t h e var iat ion r a n g e of the rib angles measured in 104 leaves of P. acerifolia 
f r o m Visegrád was 23.5 — 52° wi th a m e a n value of x = 37.52° and s t a n d a r d deviation of s = 7. 
This surpr is ing result r e n d e r e d fur ther inves t iga t ions necessary. T h e average h e i g h t 
of P . acerifolia t rees examined in t h e Town Park was 29 m, the average g i r t h at chest h e i g h t 
4 .3 m, while t he plane-trees of Visegrád had an ave rage height of 40 in a n d average g i r t h of 
2.2 m only. 
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Table 3 
Mean value and standard deviation of P . acerifolia (Ait.) K illd. leaves 
from the Budapest Town Park (range of variation: 35—63°) 
Class interval Class average / X /А-
f = f requency 3 5 - 3 8 ° 3 6 . 5 2 - 4 - 8 3 2 
X = var ian t corresponding to the class 
average 3 8 — 4 1 ° 3 9 . 5 8 - 3 - 2 4 7 2 
A = work mean 4 1 - 4 4 ° 4 2 . 5 9 - 2 - 1 8 3 6 
M = es t imated average 4 4 — 4 7 ° 4 5 . 5 7 - 1 — 7 7 
R = 3 4 7 - 5 0 ° 4 8 . 5 3 3 0 0 0 
m = actual average (m = A -j- RM) 5 0 - 5 3 ° 5 1 . 5 2 4 + 1 + 2 4 2 4 
С = correction member 
M = S f X / S f = 8 0 / 1 2 4 = 0 . 6 4 5 5 3 - 5 6 ° 5 3 . 5 1 9 + 2 -T-38 7 6 
m = A + RM = 50.43 5 6 - 5 9 ° 5 6 . 5 1 6 + 3 - 4 8 1 4 4 
С = (SfX)2/Sf = 51.61 5 9 — 6 2 ° 5 9 . 5 3 + 4 + 1 2 4 8 
S X 2 = ( S f X 2 - C)/(Sf— 1) = 3 . 7 5 9 6 2 - 6 5 ° 6 2 . 5 3 + 5 + 1 5 7 5 
SX = y ~ S X 2 = 1.94 SfX S f X 2 
Sx = R • SX = 5 . 8 2 Sf = 1 2 4 8 0 5 1 4 
Plate Ill/a 
Fig. 1. Round-wedge shaped leaf base 
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Plate Ill/b 
Fig. 2. Wedge-cu t shaped leaf ba se 
Fig. 3. Cu t subco rda t a shaped leaf ba se 
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The larger he igh t of the obviously y o u n g e r Visegrád plane-trees was ce r t a in ly due par t ly 
t o the i r spacing of 4.5 X 6 m, par t ly to t h e deep valley of nor th -wes t — s o u t h - e a s t direction in 
t h e Danube -bend a n d t h e favourable w a t e r supply of t he g rave l terrace. T h e Visegrád pla tans 
are f u r t h e r charac te r ized by the occur rence of f ru i t s set in threes and f o u r s on the same 
pedunc le . 
The recent P. acerifolia and the fossi le P. aceroides — as regards the i r leaves — do not 
seem to be essentially d i f ferent even u n d e r t he given condi t ions (for the t i m e being primeval 
p l a t a n leaf impr in t s a n d sufficiently i n t a c t f i nds are re la t ive ly few in n u m b e r ) . 
I t was thus j u s t i f i e d — considering t h e probabi l i ty of a normal d i s t r ibu t ion (the s traight 
l ine of t he cumula t ive f requency d i s t r i b u t i o n on the p robab i l i t y paper, a n d t h e low value 
changes of angles) — to compare t he m e a n values of r ib angles on the Vi seg rád plane-tree-
a n d S a r m a t i a n p r imeva l p la tan leaves, a n d their s t anda rd deviat ion wi th t h e S tuden t (-test 
a n d t h e F- tes t (Fischer) , respectively, a t a 5 % level as well . The differences were not signi-
f i c a n t in these cases e i ther , so the a v e r a g e s f rom the t w o va r i a t i on ranges a n d the difference 
in s t a n d a r d deviat ion were only acc iden ta l : t he samples belonged to the same bas ic lot. 
As a control t h e angles enclosed b y t h e main ribs were measured in 15 leaves of P. occi-
dentalis too, and the i r mean value f x = 48 — 69) and s t a n d a r d deviat ion (s = 7) compared 
w i t h t he corresponding values of P. aceroides by the I- a n d F- tes t . According t o t he (-test t he 
m e a n values of the r ib angles were s ign i f i can t ly di f ferent , while the s t a n d a r d deviat ions were 
no t . Na tura l ly — in t h e absence of o r ig ina l samples — only Jaennicke 's supposed ly precise 
d rawings reduced to a qua r t e r could be t a k e n for a basis. So these data are on ly of informative 
cha rac t e r . I t mus t be f u r t h e r men t ioned here t h a t the Amer ican or wes te rn plane-tree m a y 
even reach a height of 50 m (North A m e r i c a n Fl. 1908, p. 229). 
Conclusions 
The angles enclosed by the m a i n r ibs character is t ic of the leaves of t h e high Visegrád 
P. acerifolia (Ait .) Wil ld . agree wi th t h e corresponding d a t a of P. aceroides (Goepp.) Heer. 
T h e m e a n value and s t anda rd devia t ion of r ib angles in t h e leaves of the lower average height 
P. acerifolia (Ait.) Wil ld . examined in t h e Budapes t T o w n Park do not s ignif icant ly differ 
f r o m those of the S a r m a t i a n pr imeval p l a t a n s either. The recent P. acerifolia (Ait .) Willd. is 
t he re fo re supposed t o correspond to t h e t y p e of the und i f fe ren t i a t ed p r i m e v a l pla tan. This 
suppos i t ion may p rove t o be a useful w o r k hypothesis in f u r t h e r inves t iga t ions on speciation, 
as well as f rom cytological , cytogenetic a n d biochemical po in t s of view. I t p r o b a b l y will open 
u p new vis tas in t he research of ce r t a in "p leomorph " hyb r id s . 
The recent P . acerifolia (Ait.) Wi l l d . trees are p robab ly the ones m o s t similar to t he 
S a r m a t i a n pr imeval p l a t a n . According t o ANDREÁNSZKY (1959) the pr imeval p l a t a n described 
b y h i m was the h ighes t of all deciduous t r ee s a t t ha t t ime on t he area of his inves t igat ions , only 
exceeded by certain pine-trees, f i rs t of all t h e Sequoia (p. 76). Fo r the height p r o b a b l y the warm, 
w e t c l imate , the more fer t i le soil, the wa te r - s ide occurrence a n d the deep va l l eys were respon-
sible. ( I t may be men t ioned as an ana logous case t h a t in t h e corrosion h e a r t prepara t ions of 
a n i m a l species r u n n i n g well and pe r s i s t en t ly , which accura te ly show the or ig ina l branching of 
veins , the angle of dev ia t ion is smaller a n d sharper which is related wi th t h e quicker blood 
c i rcu la t ion , t h a t is b lood and oxygen s u p p l y , respectively. P robab ly — ceter is par ibus . t h e 
m o r e intensive évapo t ransp i ra t ion in ce r t a in tree species is in in teract ion w i t h the smaller 
angle of branching . ) 
The t axonomic classification of t h e recent p la tan species will have t o be carried out on 
t h e g rounds of t he principles and p r o c e d u r e of numerical t axonomy. 
The main ob jec t ion to the h y p o t h e s i s outlined in t h e paper is: how t h e Sarmat ian pri-
m e v a l p la tan was able to survive till n o w when only a few unreliable da t a h a v e been available 
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Plate IV 
Fig. 1. Round-wedge-cu t shaped leaf base; Fig. 2. Round-wedge-cu t - subcorda ta shaped leaf 
base; Fig. 3. Wedge -cu t - subco rda t a shaped leaf ba se 
15* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
2 3 2 FORUM 
so far on t h e n a t u r a l occurrence of t h e recent P. acerifolia (Ait . ) Wi l ld . F r o m a la ter e d i t i o n 
(1741) of P l in ius ' work it is k n o w n t h a t the p a t h w a y of t h e p la tan c u l t u r e was: Lycia — C y p r u s -
C r e t e — A t h e n s — I t a l y . Plinius m a d e dis t inct ions b e t w e e n the p l ane - t r ee s of Asia Minor , L y c i a 
a n d Lydia , a n d a m o n g o the r s s p o k e about t h e Moors hav ing h a d p l a t a n s in the i r f o r e s t s 
("Inter silvas suas Morini platanonas hahebant") ( p . 655). The P. acerifolia t rees s u p p o s e d l y 
offered a b e t t e r s h a d e t h a n t h e P . orientális t h a t h a d leaves wi th d e e p e r indentures , a n d i n t h e 
h o t southern r e g i o n s this was a n i m p o r t a n t poin t of v iew. I t is a we l l -known fac t too, t h a t t h e 
plane-tree is e s t i m a t e d to be a b o u t 2000 years o ld . T h e popular p l a n e - t r e e was p r o b a b l y p r o p -
aga ted in t h e R o m a n Empi re t o o . I t is only f rom t h e 16th c e n t u r y — a f t e r the d imness of t h e 
Middle Ages — t h a t wr i t t en d o c u m e n t s have r e m a i n e d . JANKÓ (1889) ment ioned a f t e r V a n 
H u l t h e m t h a t Clusius had been g i v e n a p la tan seed l ing in Vienna in 1576 (p. 412). W e do no t , 
however , k n o w w h a t kind of p l a n e - t r e e i t was. I t w a s n o t even sure in t h i s ve ry cen tu ry w h e t h e r 
i t was the w e s t e r n or the ea s t e rn p lane- t ree t h a t w a s a na t ive of E u r o p e (MAYR 1906 p . 491.) , 
un t i l J a e n n i c k e p o i n t e d out a f t e r t h o r o u g h i nves t i ga t i ons t h a t P. acerifolia is the m o s t f r e -
q u e n t c u l t i v a t e d E u r o p e a n p l a n e - t r e e . 
Our h y p o t h e s i s seems t o e l imina te all u n c e r t a i n t i e s and c o n t r a d i c t i o n s in i d e n t i f y i n g 
t h e di f ferent p l a t a n species a n d var ie t i es . All we h a v e to do is t o p u t t h e P. acerifolia t o i t s 
r i gh t place, i .e. bes ide P . aceroides. P. acerifolia is n e i t h e r a hyb r id of t h e western a n d e a s t e r n 
plane-tree, no r a va r i e ty of one or t h e other of t h e m , b u t a r e p r e s e n t a t i v e of the C e n t r a l a n d 
S o u t h - E u r o p e a n S a r m a t i a n p l a t a n species hav ing s u r v i v e d unde r spec i f ic condit ions. 
The p r i m e v a l p la tan of t h e loose gallery p h y t o c e n o s e s was a p p a r e n t l y forced to c h a n g e 
t o a cons iderable degree b y i s o l a t i o n only, while t h a t r emoved b y m a n f rom its n a t u r a l en-
v i ronment a n d phytocenos i s h a s r e m a i n e d , as P . acerifolia (Ait.) Wi l ld . , m o r e or less u n c h a n g e d . 
F ina l ly , w e h a v e to m e n t i o n t h e result o b t a i n e d by FERGUSON (1971) in his p h y t o p a l e o n -
tological i nves t i ga t i ons on p l a t a n species. He did n o t t h i n k a h y b r i d i z a t i o n between P . o r i e n t a -
lis and P. occ iden ta l i s likely (JOHNSON 1933 in FERGUSON). On t h e bas i s of Middle-Miocene 
p l a t a n r e m n a n t s f r o m W e s t - G e r m a n y he t h o u g h t t h e p r imeva l p l a t a n f o u n d there to h a v e been 
a n ancestor of t h e p l a t an species of t o d a y in which t h e charac te r s of t h e l a t t e r had no t y e t been 
fu l ly developed (p. 157). H e e v e n proposed a n e w n a m e for t h i s p r i m e v a l p l a t an : Platanus 
platanifolia ( E t t . ) Knoblach , of w h i c h P . aceroides (Goepp . ) is a s y n o n y m . In our op in ion i t is 
n o t the p r i m e v a l p l a t a n b u t t h e P . acerifolia (Ait . ) Wi l ld . whose n a m e p r o b a b l y will h a v e t o be 
changed, as i t is a possible v a r i e t y of P . aceroides (Goepp . ) Heer . 
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CHRONICA 
ÁDÁM BOROS 
1 9 0 0 - 1 9 7 3 
Ádám Boros, t h e great scient is t of Hungar ian f lower ing plants a n d mosses was born 
on 19th November , 1900 in Budapes t . He was raised f r o m his early chi ldhood in a n a t u r a l 
sc ient i f ic view, a m i d s t lovers of na tu re a n d a r t , as his f a t h e r , g randfa the r a n d uncle were equal ly 
well known teachers in a secondary school of Budapest . He soon called his teachers ' a t t en t ion 
t o himself and as a r esu l t , at the age of f i f t een , got a cqua in t ed with Sándor J á v o r k a , the world-
f a m o u s author of t h e Iconographia Florae Hungaricae, t h e n with Árpád Degen, the bo tan is t 
of E u r o p e a n fame, t h e au thor of Flora Velebitica, a fo rmer physician. The well-known scientists 
m a d e a deep impress ion on the y o u n g s tuden t . 
In 1918 he was admi t ted to t h e Pázmány Pé te r Univers i ty ( t o d a y : Eötvös Lóránd 
Univers i ty ) , and four years later g r a d u a t e d and took a P h . D. in bo tany , geology and paleonto-
logy. He was — even as an u n d e r g r a d u a t e — assistant to Zol tán Szabó, professor of economic 
b o t a n y and genetics, t hen to Oszkár Varga , technical un ive rs i ty professor. 
In 1922 he en te red service a t t h e Expe r imen t S t a t i o n of Medicinal P l an t s , as a specialist 
w i t h t he lowest-grade s t a t e salary. In apprecia t ion of his bryological research work he became 
t h e Cen t ra l -European referee of the " R e v u e Bryologique" as early as t he age of 29, and ful-
fi l led th i s task u p t o his dea th the reby establishing i m p o r t a n t in te rna t iona l relations. He was 
appo in t ed pr ivate d o c e n t in the sub j ec t of agricultural b o t a n y , then l a t e r in medicinal a n d 
chemical bo tany too. His qual i f icat ion was acknowledged in 1948 too, a n d he was awarded 
t h e t i t le of univers i ty professor. 
From 1938 he temporar i ly worked a t the Seed Tes t ing Ins t i tu te , a n d besides his bryolo-
gical research work dea l t with the biological questions of weeds, s tudied fens and caves a n d 
excelled in agrobotan ica l act ivi ty. F r o m 1944 he was for th ree years the t eacher of bo t any a t 
t h e Universi ty of Ve te r ina ry Sciences, Budapes t . Over 12 years f rom 1945, dur ing the d i f f icul t 
p o s t w a r t imes he reorganized — as d i rec tor of the Resea rch Ins t i tu te of Medicinal P l an t s — 
t h e Hungar i an resea rch work on medic ina l plants a n d gained d is t inc t ion in exploring t h e 
15 Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
2 3 6 CHRONICA 
therapeut ica l ly i m p o r t a n t species of the Carpa th ian-Bas in , in t h e botanical iden t i f ica t ion of 
H u n g a r i a n drugs sought for expor t , and even took par t in e labora t ing medicinal p l an t s t andards 
u p t o t he end of his life. 
In his papers wr i t t en on medicinal p l an t s the following p lan t s were discussed: mint , 
shield-fern, wild chamomile, hellebore, mullein, t h y m e , buck-bean , cumin, pr imrose, henbane, 
mis t le toe , sweet sorghum, soap-root , sumac, digital is , catnip, sweet- root , centaury , wild saffron, 
sweet-f lag, bel ladonna, ergot , chervil , dill, e tc . His monographs w r i t t e n in the serie of "Magyar-
ország K u l t u r f l ó r á j a " (Cul t iva ted P lan t s of H u n g a r y ) deal mos t ly wi th medicinal p lan t s too: 
Anthriscus cerefolium, Crocus sativus, Lavandula angustifolia, Anethum graveolens, Verbascum 
phlomoides, b u t some cu l t iva ted p lan ts i m p o r t a n t f rom d i f f e ren t aspects — like Spergula 
arvensis and Phacelia tanacetifolia — are discussed as well. 
W i t h his paper "Magyarország M o h a f ö l d r a j z a " (Bryogeography of H u n g a r y ) he was 
awarded the t i t le of academic doctor of biological sciences in 1957, t hen — as a con t inua t ion 
of th i s work — the principal work of his life: "Bryogeographie a n d Bryoflora U n g a r n s " was 
publ ished in 1968 by the Publ i sh ing House of t he Academy of Sciences. 
In appreciat ion of his in te rna t iona l ac t i v i t y and results he was elected in 1966 honorary 
m e m b e r of the British Bryological Society (London) . 
Boros achieved more a n d more resul ts in t he field of agr icu l tura l bo tany too, especially 
when he lef t the Ins t i t u t e of Medicinal P l a n t s and began to work a t the I n s t i t u t e of Agro-
b o t a n y , Tápiószele. As f o u n d a t i o n member and d e p a r t m e n t leader of the Ins t i t u t e he organized 
the work of collecting and eva lua t ing the H u n g a r i a n wild species of feed value. H e was an 
excellent floristic exper t wi th ex t rao rd ina ry p lan t - and local knowledge. He was unself ish in 
i m p a r t i n g his knowledge and t a u g h t and helped his colleagues whole-hear tedly . W h e n ret ired 
he con t inued f rom 1960 t he agrobotanica l research work as an expe r t , bu t spent m o s t of his 
t ime in working u p his bryological research. He was in close connect ion not only wi th the 
research workers of the ne ighbour ing countr ies b u t th rough the Société d 'Échanges deMuscinées 
wi th t he most famous bryologis ts of the world too. Of his recent works he did no t l ive to see 
t he publ ica t ion of the " B r y o s p o r a At lasz" (Bryospore Atlas) a n d could not complete his book 
on t he bryof lora of the Ca rpa th i an Mounta ins , because on 2nd J a n u a r y . 1973, a f t e r a short 
suffer ing he died. 
His pr iva te collection of p lan t s and mosses containing 130 t housand samples of mosses 
and 65 thousand sheets of f lowering p lants is a na t iona l t reasure pro tec ted by t he S ta te . The 
n u m b e r of his scientific and popular publ ica t ions is 731 ! His r ich l ife-work included-besides the 
bryology and floristics — the s t udy of fens a n d caves, researches of medicinal a n d fodder 
p lan t s , the biology of weeds, ag robo tany , t he h i s to ry of bo tany a n d even na tu re preserva t ion . 
H e was pr imari ly in te res ted in the f lo ra of the Carpa th ian Mounta ins and -Bas in , bu t 
deal t w i t h the flora of the m o u n t a i n s of Vér tes , Gerecse, Velence and Bakony too , s tudied 
in tens ively the plants of Coun ty Somogy and of t h e plain of t he r iver Drava , and in t h e Great 
Pla in t h e f lora of Nyírség and Trans-Tisza. Outs ide Hungary he m a d e s tudy tou r s in Austr ia , 
Czechoslovakia ( X I I . In t e rna t iona l Conference on P lan t Geology) and in France (Pyrenees) . 
His las t collecting tours were m a d e in 1972 in Transylvania and N o r t h e r n H u n g a r y . 
His wife, Ju l ia Kenyeres was his f a i t h f u l companion in his s t udy tours a n d assis tant 
in his scientif ic work. 
He dedicated his life to science and educa t ion . His books, sc ient i f ic papers and his world-
f a m o u s collection will con t inue to help the researchers of b o t a n y , agricul tural sciences and 
n a t u r e protec t ion in their work , and his honourab le personal i ty will go on l iv ing in our 
m e m o r y . 
L . G Y . SZABÓ 
Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
Acta Agronomica Academiae Scientiarum Hungaricae, Tomus 24 (1—2), pp. 237 — 249 (1975) 
RECENSIONES 
K. VUKOV: Physik und Chemie der Zuckerrübe 
als Grundlage der Verarbeitungsverfahren. 
A k a d é m i a i K i a d ó , B u d a p e s t , 1972. 
Ii. VI Ii OY 
I L I E T I 
1 nom io 
Zucker 
IM a l v ALS GRUNDLAGE 
U l l i * DER 
ШВ Щ J V . VERARBEI 7 ' IN 
AKADÉMIA! KIADо •BUDAPEST VERFAHREN 
The P u b l i s h i n g House of t h e H u n g a r i a n 
A c a d e m y of Sciences p u b l i s h e d V u k o v Kon-
s t a n t i a s a b o v e work a t t h e e n d of 1972 in t he 
G e r m a n l a n g u a g e . The book r u n s to 458 pages 
comple ted b y 111 f igures a n d 194 tables. 
The m o n o g r a p h is d iv ided i n t o th ree m a i n 
pa r t s a n d is c o m p l e t e d by a n a p p e n d i x . The 
a u t h o r d i scusses the fo l lowing sub jec t s : 1. 
P h y s i c a l and c h e m i c a l c h a r a c t e r i s t i c s of 
suga r -bee t ; 2. E f f e c t s of var ious f a c t o r s on 
t h e physical a n d chemical c h a r a c t e r i s t i c s 
of sugar-beet ; 3. T h e opera t ive p r o c e d u r e 
a n d t he phys ica l a n d chemical c h a r a c t e r i s t i c s 
of sugar-beet ; 4 . Descr ip t ion of s o m e less 
k n o w n m e t h o d s of i n v e s t i g a t i o n . 
I n the f i r s t p a r t t he k n o w l e d g e of the 
morphologica l , h is to logica l and m e c h a n i c a l 
charac te r i s t i cs of sugar-beet is e x c e l l e n t l y 
s u m m a r i z e d . I t i s in this p a r t t h a t the 
macroscopic s t r u c t u r e of the s u g a r - b e e t and 
w i t h i n this t h e i m p o r t a n c e of i ts f i b r e - , dry 
m a t t e r - and w a t e r con ten t and t h e r e l a t e d 
phys i ca l and t echno log ica l c h a r a c t e r i s t i c s 
a r e discussed. T h e m a i n par t of t h e c h a p t e r 
— d u e to its i m p o r t a n c e — is t h e c h e m i c a l 
compos i t ion of t h e sugar-beet . T h e r o l e and 
i m p o r t a n c e of s a c c h a r o s e con ten t a n d o ther 
s u g a r s , ash- a n d electrol i te c o n t e n t , n i t ro -
g e n e o u s c o m p o u n d s , m a c r o m o l e c u l a r and 
col loid disperse subs t ances in t h e sugar 
t e chno logy are c l a r i f i e d in their d e t a i l s and 
r e l a t i ons . At t h e e n d of the chap te r t h e s t a n d -
a r d cha rac te r i s t i c s of the s u g a r - b e e t are 
s u m m e d up, a n d t h e i r connect ion w i t h the 
i n d i v i d u a l p r o d u c t i o n processes d isc losed . 
T h e s e selected s t a n d a r d c h a r a c t e r i s t i c s will 
b e discussed a g a i n in t h e subsequen t c h a p t e r s 
of t h e book in c o n n e c t i o n with s o m e f a c t o r s 
a c t i n g on t h e m . T h e au tho r i n c o r p o r a t e s t he 
r e s u l t s of m a n y y e a r s of his i n t e r n a t i o n a l l y 
h i g h l y a p p r e c i a t e d research w o r k in t he 
a p p r o p r i a t e p a r t s of t h e chap te r , w h e r e b y 
i t becomes e spec ia l ly valuable . 
T h e second p a r t is a unique a n d exce l l en t 
u n d e r t a k i n g . As f o r i t s content , d e t a i l s and 
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extension no w o r k analysing t h e fac tors 
a c t i n g o n t h e phys i ca l a n d chemical cha rac t e r -
is t ics of sugar -bee t wi th similar i n t ens i t y 
c a n be found in t h e l i terature of sugar -bee t . 
Of the genetic f a c t o r s the effect of va r i e ty 
o n the technological characterist ics is f i rs t 
s tud ied . In th is c o n t e x t impor tan t t echno-
logical parameters ( cu t t i ng resistance, elastic-
i t y module, d i f fu s ion constant) to w h i c h little 
a t t en t i on has b e e n pa id by breeders so far , 
a l though by t he i r in t roduct ion t h e techno-
logical value of va r i e t i e s could be f u r t h e r 
improved , are a n a l y s e d . All major E u r o p e a n 
sugar-beet va r i e t i e s are dealt w i t h and 
eva lua ted in r e l a t i o n to the ind iv idua l tech-
nological p a r a m e t e r s — even in a var ie ta l 
a n d climatic d i s t r i b u t i o n where possible. 
T h e chapter s u b s e q u e n t l y discussed the 
e f fec ts and cor re la t ions of climate, soil and 
ecological fac tors . T h e world p r o d u c t i o n of 
sugar-beet is d i v i d e d into c l imat ic zones, 
a n d the effect of t h e la t ter on t he q u a n t i t y 
of sugar-beet p r o d u c e d there is ana lysed . 
T h e effects of g r o w t h factors a n d var ious 
diseases on the q u a l i t y of suga r -bee t are 
described in de t a i l . After t h a t t h e effect 
on the quality of product ion m e t h o d s and 
techniques is dea l t w i th , with e m p h a s i s laid 
oil the most i m p o r t a n t of them (fer t i l iza t ion , 
i rr igat ion, weed cont ro l , plant s t a n d , etc.). 
I t is not only t h e g rowth and deve lopmen t 
of sugar-beet t h a t determines its q u a l i t y and 
technological v a l u e ; harvest ing a n d s torage 
also play an i m p o r t a n t role in th i s respect . 
I n the second c h a p t e r the au thor discusses 
these effects w i t h d u e regard to t h e i r im-
por tance i nco rpo ra t i ng the major r e su l t s of 
Hungar i an r e sea rches too. At the e n d of the 
chap te r the e f f ec t s of the d i f fe ren t fac tors 
on the quan t i t ive f ea tu re s of suga r -bee t are 
summarized in a t a b l e giving a clear p ic ture 
of them. In the c h a p t e r the au thor w o r k s up 
a vas t expe r imen ta l and l i terary mate r i a l 
including his o w n resul t s as well. T h e t reat -
m e n t of the m a t e r i a l is new bo th in con ten t 
a n d in form. T h e s e extensive and prac t ica l ly 
highly i m p o r t a n t sub jec t s are t r e a t e d , sum-
marized and s y n t h e t i z e d by s t a r t i n g from 
t h e experiences, resu l t s and e x p e r i m e n t a l 
d a t a of sugar-bee t product ion all ove r the 
world. I n this form a n d us ing such a l a rge 
e x p e r i m e n t a l material t h i s subject has n o t 
been d e a l t with by a n y b o d y b u t the a u t h o r . 
The v a s t material is a r r a n g e d in a c lear 
s y s t e m ; new correlations a r e sought for a n d 
e s t ab l i shed . When process ing the exper i -
m e n t a l d a t a the author endeavours to u n d e r -
line t h e characterist ic f e a t u r e s and f ind t h e 
cor re la t ions . 
T h e t h i r d part of t he m o n o g r a p h discusses 
the op t imal iza t ion of technological ope ra -
t ions b y s tar t ing from t h e properties of r a w 
ma te r i a l s . Within th is t h e individual t e c h -
nological operations, l ike the p r epa ra t i on 
and c u t t i n g of sugar-beets , extract ion, c lear-
ing a n d distillation of t h e juice, crystal l iza-
t ion of sugar and s e p a r a t i o n of crystals, a r e 
deal t w i t h in detail. F a c t o r s acting in t h e 
course of the technological operations as 
well as the i r interact ions a re analysed. E a c h 
pa r t is completed by a r i ch factual ma te r i a l . 
T h e description of t he so called less k n o w n 
m e t h o d s , the discussion of their app l ica t ion 
possibi l i t ies , advantages and deficiencies 
especia l ly promote the w o r k of practical ex-
per ts . 
V u k o v Konstant in ' s w o r k supplies a g r e a t 
w a n t i n t he l i terature of t h e sugar-beet a n d 
sugar i ndus t ry . No s imi la r work has b e e n 
k n o w n so far. The phys i ca l and chemica l 
p r o p e r t i e s of the suga r -bee t , the effects of 
va r ious fac tors and t h e opt imalizat ion of 
t echnologica l processes a r e t rea ted in a n e w , 
m a n y f o l d and comprehens ive way. The in-
d iv idua l elements of compl ica ted in te rac t ions 
are a n a l y s e d one by one , t hen syn the t ized . 
S y n t h e s i s is one of a u t h o r ' s main endeavour s 
which s t a r t s , however, f r o m the most m e t i -
culous presentat ion of de ta i l s . A vast l i t e r a ry 
m a t e r i a l is processed, cri t ically e v a l u a t e d 
and incorpora ted in t he a u t h o r ' s work. 
Never the less , the m o n o g r a p h is by no 
m e a n s a mere literary compi la t ion since i t is 
based f i r s t of all on the a u t h o r ' s own resea rch 
resul t s . His results — e v e n the most r e c e n t 
ones — of many years spen t in an i n t e r -
n a t i o n a l l y outs tanding research work a r e 
in tegra l par t s of his b o o k . Biological a n d 
technologica l views a n d knowledge are e f f i -
c ien t ly combined in each p a r t of the w o r k . 
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T h e monograph c a n be used as a m a n u a l 
b y t h e experts of suga r industry, suga r -bee t 
p roduc t ion and b r e e d i n g all over t h e world. 
T h r o u g h the rich r e sea rch material , t h e new 
resu l t s and me thod f o u n d in it th is b o o k is 
also a source of f u r t h e r researches m a d e in 
t h e field of p r o d u c t i o n and the suga r in-
d u s t r y . The pub l i ca t ion of the m o n o g r a p h 
was preceded by g r e a t in ternat ional in t e re s t . 
I t s success was charac ter ized by t h e f ac t 
t h a t t he German ed i t ion had h a r d l y been 
pub l i shed when t h e a u t h o r began to compi le 
an enlarged Engl i sh manuscr ipt . 
L . M A G A S S Y 
J. HORVÁTH: Plant viruses, vectors, virus 
transmission. A k a d é m i a i Kiadó, B u d a p e s t , 
1972. 
T h e handbook discussing the p rope r t i e s 
of p l a n t viruses a n d mycoplasms, t h e ways 
of t ransmission, t h e biological i m p o r t a n c e 
of t h e vectors i nvo lved in t ransmiss ion and 
t h e mos t recent t e s t i ng methods suppl ies 
a long fe l t need and, t h o u g h published in 
the H u n g a r i a n language, is made useful fo r 
foreign readers too by i t s tab les and in t e r -
na t iona l symbols. Being wr i t t en by a re-
search worker in te rna t iona l ly recognized 
in t h e f ie ld of expe r imen ta l p lant vi rology 
it deals wi th the recen t tendencies of t h e 
sub jec t on a sound theore t i ca l basis, discuss-
ing t h e resul ts of the l a s t yea r s in full de ta i l 
and p resen t ing the d a t a of the n u m e r o u s 
s tudies in a clear t a b u l a r form. W i t h i ts 
exact terminology of n a t u r a l science a n d b y 
a syn thes i s of the d ive rgen t da ta the book 
serves t h e purposes of app l ied biology f i r s t 
of all in agricultural a n d hor t i cu l tu ra l re-
la t ions. 
The handbook pub l i shed on 515 pages 
by t h e Publishing House of the H u n g a r i a n 
A c a d e m y of Sciences is d iv ided into e leven 
chap te r s a n d completed w i t h 89 t ex t f i gu re s 
and references to 1882 bibl iographic d a t a . 
The use of the book is g rea t ly fac i l i ta ted b y 
an E n g l i s h list and c r y p t o g r a m s of p a t h o -
genous p l an t viruses, w h i c h is an a r range-
men t unprecedented even in the world 
l i t e r a tu re . The symbols used ensure a clear 
unde r s t and ing . With the def in i t ion and brief 
exp l ana t i on of the t e rmino logy used t h e 
book of fers great help t o those in te res ted 
in t h e resul ts a t ta ined in t he scope of th i s 
sub jec t ; t he solution is v e r y successful w i t h 
respect t o bo th content a n d form. The i n d e x 
of th i s handbook , which while encompass ing 
a wide r ange of da ta is ex t remely concise, 
compi led on the basis of modern principles , 
is also v e r y useful. 
The book begins w i t h t h e preface of J . 
Szirmai , t h e well known f o u n d e r of H u n g a r -
ian p l a n t virology, t h e n , a f t e r the a u t h o r ' s 
i n t r o d u c t i o n follows a s h o r t survey of science 
h i s to ry , wi th an eva lua t ion of the o u t s t a n d -
ing r e su l t s of plant vi rology and mycoplasmo-
logy f r o m the point of v iew of molecu la r 
genetics . 
The chap te r discussing in detail the gener-
al character is t ics of pa thogenous p l a n t 
viruses is of special i m p o r t a n c e for exper i -
m e n t a l biology. The p r e sen t a t i on of the chem-
ical composi t ion an u l t r a s t r u c t u r e of p l a n t 
viruses ref lects the m o s t recent views a n d 
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cover l i t e ra tu re on the sub j ec t u p to the end 
of 1971. Especial ly deta i led in fo rmat ion is 
given by t he au tho r on t h e chemical compo-
sition (5.6 per cent r ibonucleic acid and 
94.6 per cen t prote in con t en t ) of the model 
virus (Tobacco mosaic v i rus) , the micro-
morphology and centra l posi t ion of the double 
spiral r ibonucleic acid, as well as on the 
screwlike a r r angemen t of t h e prote in sub-
uni t s of 17 —18 thousand molecular weight. 
The au tho r emphasizes t h a t t h e mycoplasme 
— unlike t he p lan t viruses — always con-
ta in deoxy ribonucleic acid (1.5 — 4 per cent) 
and a cell s t ruc tu re ana logous with the 
central posi t ion r ibosome in addi t ion to 
ribonucleic acid (3 — 10 per cent) . The hand-
book points ou t t h a t t he mos t impor tan t 
s t ruc tura l e lement of the p l a n t virus is the 
vi rulent r ibonucleic acid (vir ion) which is 
covered by the def ini te s t ruc tu re s of the 
protein subuni t s . On t he o the r hand , the 
deoxy ribonucleic acid c o n t e n t of the p lant 
mycoplasm stores genetic in fo rmat ion and 
the la t te r controls a "cell w o r k " main ta in ing 
the b iosynthe t ic processes and s t ruc ture too. 
The book reveals , f u r t h e r , t h a t the plant 
virus does not posses any metabol i sm, and 
so is no t able to synthes ize the organic 
compounds of energy con ten t , b u t relies 
completely on the me tabo l i sm of the host 
cell. At t he same t ime, on syn the t i c culture 
media t he mycoplasm has t h e capaci ty of 
reproduct ion , which is connec ted with its 
controlled metabol i sm. 
The serology of viruses is a highly im-
p o r t a n t f ield of expe r imen ta l p l an t virology; 
it is excel lent ly sui table for iden t i fy ing the 
viruses and s tudy ing the deta i ls of infection 
processes. The principle of exper imenta l 
test ing is also given in th is chap t e r , namely: 
under the inf luence of t he an t igen (plant 
virus) in t roduced into the an ima l organisms 
an an t ibody is produced in t he blood serum, 
and the two toge ther can easily be compared 
in the an t i se rum exper imenta l ly with the 
control, as normal serum. This way the 
effect induced by the pur i f ied p lant virus 
isolate can be serologically well character ized 
by means of prec ip i ta t ion a n d agglut inat ion 
reactions as well as with complemen t binding 
a n d a n a p h y l a x y tes t s . The detai led descrip-
t ion of the tes ts a n d methods t o g e t h e r with a 
s u m m a r y of the l i t e r a ry material r ecommend-
ed gives a s u b s t a n t i a l help to those in te res ted 
in t he subject . 
T h e au thor s t r i c t ly dist inguishes p lant 
v i rus inoculat ion f r o m virus in fec t ion , since 
t h e pene t ra t ion of the virus or v i r u s ribo-
nucleic acid i n to t he living cell can be 
r ega rded as i nocu la t ion th rough t h e cells 
in jur ies , while t h e actual in fec t ion occur 
i n t he place or cen t r e of infect ion, a n d the 
n u m b e r of t he l a t t e r is usually m u c h less. 
F r o m a virological point of view, t h e sieve-
t u b e s are of o u t s t a n d i n g impor t ance among 
t h e phloem e lements . The s ieve- tubes which 
do no t conta in cell nuclei are in func t iona l 
connect ion wi th each other t h r o u g h fine 
t h r eads . The a u t h o r points o u t t h a t an 
especially v igorous virus r ep roduc t ion can 
be observed on de f in i t e spots of t h e la t ter 
( in the ec todesms) irrespective of t h e fact 
t h a t the p lasmodesmic connect ion of the 
s ieve-tubes p rov ides a direct possibi l i ty for 
t h e p lan t v i ruses t o spread inside t h e host 
o rgan i sm. 
T h e r ep roduc t ion of the plant v i rus , which 
is a synthesis independen t of d e o x y ribo-
nucleic acid a n d dependent of r ibonucleic 
acid, is described b y the author keep ing in 
view the f ac tua l d a t a of molecular genetics. 
T h e double spira l ribonucleic acid p roduced 
is enveloped b y t he subuni ts of protein. 
On this basis the u l t r a s t rue tu re of t h e viruses 
follows f rom t h e symmet ry of t h e virion, 
which is discussed in detail in t h e chap te r . 
T h e au thor summar izes the virological results 
of t he last years in a synthet izing w a y and 
his conclusions are characterized b y t h o u g h t -
ful modera teness . 
S y m p t o m a t o l o g y is a special f ie ld s tudied 
b y t he au thor w i t h extreme tho roughness ; 
he dist inguishes ex te rna l syndromes visible 
to t he naked eye, a n d microscopically évalu-
able internal syndromes . Besides t h e elec-
t r o n microscopic micromorphology this 
c h a p t e r of the h a n d b o o k is of special value, 
since in the f ie ld of symptoms p resen ted in 
t he in teract ion of oversensit ivity reac t ions 
re la ted with t he v i rus infection new concep-
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t ions have developed mostly on the basis of 
the author's original experimental results. 
This chapter is highly remarkable if only 
because it sharply distinguishes t h e symp-
toms of plant virus infection f r o m other 
disease symptoms, and marks t h e m with 
internationally used indices as symbols. In 
the indications of the symptoms three princi-
ples are dominant: 1. infected p lan t parts 
are indicated with capital letters, 2. disease 
symptoms with small letters, and 3. patho-
logical characters with special symbols. 
The developed system of symbols renders 
the book easy to survey and homogeneous 
f rom the point of view of special literature. 
A separate chapter deals with t h e results 
at tained in the field of plant virus control, 
and considers the possibilities of protection 
f irst of all from the point of view of practical 
application. It gives an account of t h e results 
of applying adenine, uracil, benzimidazole 
derivatives and of those attained wi th anti-
biotics and discusses the possibilities of using 
other special inhibitors from the aspects of 
prevention and therapy separately. 
The handbook describes in detail and in a 
didactic distribution the ways pathogeneous 
plant viruses are transmitted (by grafting, 
mechanically, th rough insect vectors , etc.) 
as well as the role and virological importance 
of factors influencing the relationship bet-
ween virus and host plant ( temperature, 
light, chemical compounds, biotic and abiotic 
factors), first of all from a practical point 
of view. Special emphasis is laid on the 
possibilities and applicability of hea t inacti-
vation. 
A separate chapter which sums u p the 
significance of vectors in practical plant 
protection discusses in detail the extreme 
importance of basic experiments. I t gives, 
a t the same time, the test results of inter-
national vector-host investigations in tables. 
On the basis of experimental results the 
author proves t h a t the organs of host plants 
serve as sources of infection in different 
degrees in the case of different vectors, at 
the same time the age and physiological 
s ta te of the vectors also influence the spread 
of the plant viruses. 
The usefulness of the handbook is greatly 
increased by the carefully arranged tables 
which show the virus transmission methods 
of var ious vectors. A great advantage of the 
book is, further, the scientific and English 
lists of vectors and viruses which provide the 
possibility of even foreign readers using the 
tables. The chapter presents the aphid vectors 
of abou t 300 pathogenous plant viruses wi th 
the hos t organisms indicated. Beside the 
aphids virus transmission by the cicadas is 
the mos t important; in the organs of the 
lat ter p lan t virus infection is also different 
as demonstrated by the experimental da ta . 
Research work carried out recently has 
revealed tha t the 34 mycoplasms identified 
occur on a much higher number of host plants, 
and 10 specific insect vectors are known so 
far. 
A great value of the handbook is its dis-
cussing the role of mandibular insect vectors 
as well as virus transmission by nematodes 
and sucking insects. F r o m a practical point 
of view the wide range of data collected by 
the au thor are also remarkable; they dem-
onstra te tha t virus transmission by Cuscuta 
could be proved in 71 cases, the vector role 
of lower fungi in 9, transmission by seeds 
in 49 and spreading by pollen in 12 cases. 
The author, a highly competent exper t 
in p lan t virology and mycoplasmatology wi th 
his exac t formulation, wi th the synthesis and 
systematization of da t a pertaining to the 
subject as well as wi th the detailed discus-
sion and tabulated presentation of the 
methodology of virus transmission offers 
helpful assistance not only to those interested 
in t he subject but also the specialists work-
ing in related fields of science. 
B . I . P O Z S Á R 
R . J . W E A V E R : Plant growth substances in 
agriculture. W. H. F reeman and Company, 
San Francisco, 1972, 594 p. 
Chemization in agriculture is increasing 
at a rapid rate these days; every now and 
then new chemicals are introduced in agri-
16* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 





culture to a t t a in objectives useful for man. 
In spite of the results obtained so far the 
possibilities offered by plant physiological 
research have not been yet ful ly utilized 
in the agricultural practice. This is clearly 
seen in Robert J . Weaver's book "Plant 
growth substances in agriculture" published 
in 1972, which for its timeliness and intention 
of encouraging is welcome. 
The author is a professor at the Institute 
of Viticulture, University of California (Davis) 
who has been dealing with p lan t growth 
substances and their practical application 
since 1944 and is thus an excellent specialist 
of this subject. From 1948 his research work 
has mostly been related with the endogenous 
and exogenous growth regulators of grapes 
bu t he follows with attention the results of 
researches carried on with other crops too. 
He has published more than 100 papers on 
the subject of plant growth substances. 
All growth and development processes of 
the plants are under the control of chemical 
regulators. Phytohormones natural ly occurr-
ing in the plants and many exogenous or-
ganic compounds are able to control these 
processes at very low concentrations. In 
most plants the developmental phenomena 
can be advantageously altered by human 
interference. " I t is quite possible, t h a t , in 
t ime, physiological processes in p lan ts will 
be controlled by application of growth sub-
stances" — writes the author in the preface 
of his book. 
The book is wr i t ten largely from an agri-
cultural point of view and stresses both 
present and possible future impor t an t com-
mercial uses of growth substances in agri-
culture. However, in the first four of the 12 
chapters of the book the author — quite 
rightly — gives theoretical information nec-
essary for understanding the problems of 
practical application. 
Chapter 1 deals with the nomenclature 
and the historical aspects of the growth sub-
stances. Indeed, t he clarification of the 
nomenclature is an important t ask since 
the authors often use the same t e r m in a 
different sense, and group the large number 
of growth substances in a different way. 
Weaver 's nomenclature is reasonable and 
logical. He is not, however, sufficiently con-
sequent in grouping the growth substances 
inasmuch as he sometimes regards ethylene 
as a hormone and discusses it among the 
phytohormones while another t ime omits it 
f rom their list. On the other hand, t he group 
of inhibitors is r a the r heterogeneous, and it 
is a question whether e.g. the phenolic com-
pounds, the benzoic acid and cinnamic acid 
derivatives which either inhibit or s t imulate 
the growth depending on the concentration 
can unanimously be regarded as inhibitors. 
The biological and chemical determina-
t ion methods of growth substances are de-
scribed in Chapter 2. The author discusses 
t he extraction and purification techniques 
of auxins, gibberellins, cytokinins and in-
hibitors, and besides the traditional bioassays 
describes the most up-to-date chemical and 
instrumental determination methods used 
a t present. The demonstration and identi-
f icat ion methods of ethylene, however, have 
unfortunately been lef t out of the chapter . 
The detailed description and schematic 
representation of var ious bioassays are suit-
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able for showing the universi ty students the 
way to reproduce them in the plant physiolog-
ical exercises. 
Chapter 3 discusses the occurrence and 
chemical nature of growth substances in all 
five groups of regulators (auxins, gibberellins, 
citokinins, inhibitors and ethylene). Besides 
the chemical structure and chemical de-
signation the book — wherever possible — 
gives the trivial and t r ade names of growth 
substances too. 
Chapter 4 gives information on the highly 
diversified biological effects and action 
mechanism of growth substances. The 
breadth of the action spectra itself indicates 
the wide applicability of these regulators. 
The essence of the action mechanism of p lan t 
hormones in the author 's opinion is a cellular 
enzyme regulation tak ing place through the 
influence they exercise on the nucleic acid 
metabolism. This opinion agrees with the 
present view of genetics tha t in all proba-
bility the hormones act on a molecular or 
gene level in the cells. The author points 
to the importance of the interaction and 
relative quantitative ra t io of the hormones, 
as well as to the role the external environ-
mental factors play in modifying their effect. 
After this sound theoretical foundation 
the following eight chapters give informa-
tion on the different ways and possibilities 
of utilizing the growth substances in horti-
culture, viticulture, forestry, glasshouse and 
outdoor crop production and plant breeding. 
This practical part of the book is a full and 
systematic summary of the available litera-
ture, in fact a large-scale review. Accordingly, 
on each occasion of describing a practical 
application the author refers to publications 
by authentic authors. When processing the 
large number of available literary data, the 
proper systematization must have required 
much work and caused great concern, since 
the material can be classified from different 
aspects. The difficulties are increased by the 
fact t ha t certain subjects are closely related 
or even overlap each other , and so can be 
discussed in more t h a n one chapter. B. J . 
Weaver has solved most of these systemati-
zation problems with success, so — in spite 
of the manyfoldedness of the subject —the 
structure of his book is clear-cut. The only 
deficiency of the pratical pa r t is that the 
author does not make comments when pre-
senting the literary publications. 
The problems of rooting and propagation 
are summed up in Chapter 5. First a theoret-
ical informat ion is given on the anatomical 
and physiological bases of root formation, 
and on the factors and cofactors required 
for the roo t formation. This is followed by 
a discussion on the practical utilization of 
growth substances promoting the root forma-
tion of cut t ings , and on the applicable meth-
ods and concentrations, according to the 
special demands of various plants and plant 
groups. 
Chapter 6 deals with the dormancy of 
seeds and buds. The causes and physiological 
peculiarities of dormancy, as well as the 
role of the phytohormones in the onset and 
termination of rest are surveyed. The arti-
ficial breaking of dormancy in not readily 
germinating seeds of forest trees and frui t 
trees, in buds of woody plants and in certain 
tubers and bulbs — that is, the stimulation 
of germination or sprouting — is described. 
But a sat isfactory information is also given 
on the maintenance of dormancy in these 
organs, t h a t is, on the possibilités of prolong-
ing the sprout ing. The description of methods 
aimed at delaying sprouting in plant parts 
(potato, onion, beets, etc.) stored for nutri-
tion purposes is particularly noteworthy. 
In the p a r t dealing with flowering (Chap-
ter 7) the author clarifies f irst of all the 
physiological aspects of floral initiation 
(vernalization, photoperiodism), as well as 
the importance of various regulators in these 
processes. We are then acquainted with 
various possibilities of inducing and accel-
erating, as well as preventing and delaying 
flowering in a number of plants by chemical 
interference. Special emphasis is laid on the 
stimulation of flowering in f ru i t trees, to-
mato and ornamental plants. The author 
finally describes the method of controlling 
the sex expression, that is, increasing the 
number of female flowers with the view of 
attaining higher yields. 
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In accordance with their great practical 
importance, frui t set and development are 
discussed in full detail (Chapter 8). Here too, 
the author gives a theoretical foundation 
by summarizing the physiology of pollina-
tion, fertilization and f ru i t development. 
The chapter then describes the current and 
potential methods of utilizing various growth 
substances in controlling the fruit develop-
ment. I t reveals the possibilities of acceler-
ating the ripening of various fruits (apple, 
pear, grape and other berries, tomato, bean, 
etc.), increasing the fruit size and preventing 
the frost injury of flowers and fruits. Suc-
cessful methods are fur ther described to 
delay f rui t ripening in certain cases. 
The subject of Chapter 9 is senescence. 
After a discussion on the physiological pro-
cesses characteristic of senescence we are 
acquainted with the role of externally used 
regulators in controlling the process of 
senescence. Reference is made to the senes-
cence of excized leaves and detached shoots, 
which, however, is a mostly theoretical 
problem. After this the author deals with a 
number of practical questions mainly of 
interest to horticulturists. He explains how 
the senescence of vegetables during storage 
can be delayed by the application of growth 
regulators (mainly cytokinins), and how the 
senescence of stored fruits can be prolonged 
with the aim of preventing damages caused 
by overripening. 
Chapter 10, dealing with the subject of 
abscission, is also very interesting. The 
author again provides a theoretical basis b y 
informing the reader about the anatomical 
causes of leaf abscission and the hormonal 
control of leaf and frui t drop, then gives a 
detailed description of the methods of con-
trolling leaf abscission in agricultural crops. 
There are excellent methods e.g. of facilitat-
ing the harvest of cotton, bean, woody plants 
by defoliation; of delaying abscission in t he 
case of cut flowers and ornamentals; methods 
for preventing the premature falling of young 
and ripe fruits, and even of inducing f ru i t 
drop. 
Chapter 11: "Size control and related 
phenomena" is rather heterogeneous, some 
of its parts could be discussed in other 
chapters as well. The following subjects are 
included here: growth stimulation of grasses, 
increase of sugar production in sugar cane, 
yield increase in cereals and legumes, chem-
ical influence exercised on the crotch-angle 
in fruit trees and ornamentals, growth in-
hibition of various plants, prevention of 
lodging in cereals, promotion of drought, salt 
and cold tolerance in various plants, and 
finally, chemical enhancement of resistance 
to diseases and insects. 
In accordance with the high practical im-
portance of the subject it deals wi th , Chapter 
12 discusses the question of weed control at 
great length. I t is essential to mention here 
tha t of the large number of weed killers 
used in the practice only the auxin-type 
herbicides are dealt with by the author. In 
the introduction the importance, history, 
biological effect and action mechanism of 
herbicides, as well as the question of selectiv-
ity are spoken of. Practical application un-
conditionally demands the description of 
herbicide up take and translocation. After 
this 28 hormone-like herbicides are presented, 
divided into three groups: chlorophenoxy 
compounds, chlorobenzoic acids, and other 
auxin-type herbicides. The au thor gives in-
formation about the practical application of 
all presented weed killers: what plants, how, 
when and at what concentrations can be 
treated with them. 
In Chapters 5 — 12 the description of the 
agricultural utilization methods of growth 
substances can thus be considered complete. 
As an only deficiency we may mention the 
lack of references to whether t he chemical 
treatments of plant parts destined for human 
or animal consumption has any effect on the 
palatableness of the product or t he health of 
the consumer. 
All chapters dealing with pract ical aspects 
make it clear — what the author emphasizes 
in the preface anyway — t h a t no advice of 
general validity can be given in influencing 
developmental processes with definite pur-
poses, since the results vary according to 
the species and age of the plants, the quality 
and concentration of the chemicals applied 
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and the method of application. Therefore, 
the growers have to consult with experts 
before using the regulators. The local climatic 
and soil conditions may also modify the 
result. Further, it must be taken in consider-
ation that the same result can be at tained 
with different growth substances and in more 
than one way. Owing to these circumstances 
it is advisable to determine the method of 
application experimentally. 
R. J . Weaver's book is an excellent guide 
for agricultural experts, but it may be of 
use in higher education as well. I t can es-
pecially be recommended as a material of 
special courses at agricultural and horti-
cultural universities, since in the framework 
of the plant physiological lectures no opportu-
nity is given to treat the practical aspects 
of growth regulation at full length. 
The documentation of the book is ample 
and high level. The figures and photos are 
of very good quality. The language and 
structure of the text is clear and easy to 
understand. The getting up is aesthetic. 
Each chapter is followed by numerous 
li terary references relevant to the subject. 
A selected list of the cited publications — 
some 1100 up-to-date works — can be found 
at the end of the book. 
The publication of R. J . Weaver's book 
remedies a deficiency in the special litera-
ture of these days, and encourages the 
readers to the widest possible introduction 
and utilization of tlie recommended practical 
methods. 
M . V A R G A 
REVISTA CUBANA DE CIENCIAS 
VETERINARIAS, 1971, 2, 1. 
The Revista Cubana de Ciencias Veteri-
narias, the official gazette of the Organo del 
Consejo Cientifico Veterinario, organization 
of the Cuban People's Republic engaged in 
teaching veterinarian sciences, in No. 1. of 
vol. 2. published in June 1971 inserted the 
following articles: 
1. O. N. R O D R I G U E Z , A. R I V A S : Estudios 
2 4 5 : 
• •n ine« •> cat« 
revista cubana de 
ciencias 
veterinarias 
m I - шею I 
hemalolôgicos en la Babesiosis y Anaplamosis 
(Hematological study on cattle Babesiosis 
and Anaplasmosis) delivered on behalf of 
the Havana Veterinary School at the X I X . 
World Congress of Veterinarians and Animal 
Breeders organized in Mexico, August 1971. 
The authors examined over three and a 
half years 315 cattle, 198 of them (103 
Holstein, 67 Jersey, 28 zebus) after na tura l 
and 117 (82 Holstein, 35 Jersey) after art i -
ficial infection. Clotting of blood samples 
required for the examinations was inhibited 
with Ethylene-diamine-tetra sodium acetate 
which — as a bactericide — being at the same 
time a preservative too, solved the diff i -
culties of storing and cooling the samples. 
Bone-inarrow, spleen and lymphatic glands 
were studied by means of biopsia. For t he 
analyses the Giemsa- and Pappenheim-
staining methods, inethyl-pyronin. brillent 
cressyl-blue, Sudan black colouring agent , 
para-amino-salicylic acid were used by 
means of histocheinical procedures alkalic 
phosphatase, peroxidase, non-specific es-
terase enzimes were demonstrated. 
Samples were prepared for the analyses 
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in the form of blood smears and impressions; 
in the course of the analyses methods based 
on phase con t ras t and light interference were 
employed. Dur ing the examinations poikilo-
cytosis leucocytosis, anisocytosis, lympho-
cytosis, monocytosis, reticulocytosis and 
erythroblastaemia were found. I n the hyper-
plasic bone-marrow plasm cells and macro-
phages were pointed out. The pathogens prov-
ed to be Babesia bigemina, argentina. Ana-
plasma marginale. The examinations are 
considered successful because in this way 
the veter inar ian can conclude on the result 
of the t r e a t m e n t not only f r o m the clinical 
symptoms b u t also from changes in the blood 
picture, f u r t h e r , besides the classical exami-
nations t he modern histochemistry was 
applied too. 
2. J . M I T A T : Estado actual de las investi-
gaciones de los marcadores genéticos y sus 
aplicaciones zootécnicas en Cuba (Actual 
study on t h e genetic characters and their 
application in the livestock-breeding in Cuba) 
delivered b y the author, a research worker 
of the Immunogenetic Laboratory of the 
Cattle Breeding Faculty of Havana Uni-
versity, a t t h e VI. Pan-American Congress 
of Veterinarians and Animal Breeders organ-
ized in Sant iago , Chile, in September 1970. 
3. R . R O N D A , J . PILZ, J . M I T A T : Frecu-
encias génicas de cinco loci de grupo sanguinev 
en la raza Holstein-Friesian en Cuba (Fre-
quency of occurrence of five blood groups in 
the Cuban Holstein-Friesian crossings). 
1 8 . R . S T A N E K , J . MITAT, L I L I A EZCURRA: 
Estudio electroforético del polimorfismo pro-
teico en razas bovinas criadas en Cuba. Poli-
morfismo de las transferrinas y amilasas 
(Electroforetic study on the polymorphism 
of proteins in cattle breeds. Polymorphism 
of transferrines and amylases). 
Every coun t ry which wan ts to develop 
its livestock farming introduces the immuno-
genetic examinations which is especially 
important in the progeny control, to prevent 
the narrowing of animal line in the case of 
artificial insemination. 
4. MARIA E . TORANO: Estudio de la dina-
mica de los minerales osteotroficos en el suero 
de la sangre de terneros de raza Holstein (Study 
on the dynamics of osteotrophic minerals in 
t h e blood serum of Holstein calves). 
An important fea ture of the article is that 
the results of examinations published in it 
were evaluated by means of biometry, but 
a t the same t ime the principle of alkali earth 
alkalinity developed by Marek—Wellmann — 
Urbányi which cannot be neglected in bone 
examinations and mineral circulation studies 
was left out of consideration. 
R . BRITO J . C A S T E L L A N O S , Y . R I Z O , J . W . 
G O N Z A L E S , M . H E R N A N D E Z , C . I G L E S I A S , J . 
G N E R R A : Aportaciones sobre investigation 
de enfermedades que afecten el aparato genital 
de las hembras bovinas en Cuba (Financial 
support to investigations into the sterility 
of cattle in Cuba). A lecture delivered by the 
authors — research workers of the Veterinary 
and Livestock Breeding Faculty, Physio-
logical and Pathological Ins t i tu te as well 
as Veterinary School of the Havana Uni-
versity, and of the National Veterinary In-
st i tute — at the IV. Pan-American Congress 
of Veterinarians and Animal Breeders in 
Santiago, Chile, 1970. 
On the instructions of the Revolutionary 
Government sterility studies were performed 
with 1 million cat t le of which 53517, that 
is 5.4 per cent, were found sterile. 
Sterility could be traced back in 54.28 
per cent of the cases (29049 animals) to 
functional causes, in 43 per cent (23012) 
to infectious diseases, in 1.05 per cent (562) 
to other detected, while in 1.67 per cent 
(894) to unknown causes. For the purpose 
of treatment application of vitamin A, iodine, 
phosphorus and manganese preparations is 
recommended. 
I t should be noted that sterility requires 
no t only t rea tment but also prevention and 
t h a t in such a way as reproducing individuals 
which, in spite of the inadequate feeding and 
keeping methods, are fertile and show a 
relative productivity even under adverse 
conditions. 
6 . L . V R Z G U L A , M A R I A E . T O R A N O : Per-
turbaciones electroliticas en el snero de terneros 
afectados por diarrea. Rehidratacion como 
par te importante de la terapia (Disturbances 
in the blood electrolyte balance of artificially 
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raised calves affected by diarrhoea. Rehydra-
ta t ion as an impor tan t part of the rapy) . 
The article deals with the diarrhoea of 
artificially raised calves, with its complica-
t ion: the exsiccosis, and its t r e a t m e n t . For 
t he purposes of treatments various physio-
logical solutions are recommended, e.g.: Rin-
ger, Sherry-Grinyer, Mills, Darrow, sugar 
solution and amino acid solution prepared 
f rom hydrolysed casein. 
With the diarrhoea of calves again, greater 
emphasis should be laid upon prevention, 
which can be achieved on the basis of the 
principle developed by Nyiredy, namely: 
milk given to the calves must be of t he same 
quali ty — in every respect bu t especially 
microbiologically — as that given to infants. 
7 . A . D E L G A D O , R . PRIETO: Eficacia anti-
helminlica de la combinaction de Tetramisole 
Niclosamida en rumiantes (Antihelmintic 
effect of the combination of Tetramisole and 
Niclosamide in ruminants). 
The most recent and most eff ic ient , less 
toxic internal antiparasitic preparat ions: 
Niclosamide (2-chloro-4'-nitro-5 chloro-sali-
cyl-amide) and Tetramisole (dl-2,3,5,6-tetra-
hydro-6-phenyl-imidazo[2.1-b]thiazol) were 
tr ied out by the authors in 88 Holstein and 
83 Holstein X zebu F„ calves of 3 — 5 months 
of age and 70 —110 kg weight. 
Of Niclosamide 1 g and of Tetramisole 
6 g were applied. The same preparat ions 
were tried out in 27 4 — 5 months old Persian 
lambs of 1 9 - 3 0 kg weight. Of Tetramisole 
0.5 and of Niclosamide 3 g were appl ied. 
When applied jointly the two produc t s — 
which in agreement with the Hungarian 
researchers' investigations proved highly 
efficient — were successful in controlling 
Monieza, Dictyocaulus, Haemonchus, Coo-
peria, Trichostrongylus. Trichuris and Strongy-
loides species. The results of t r ea tmen t s were 
controlled with coprological tests. 
8 . D . O V I E S , V . J U R Á S E K , V . T O K A R E V : 
Evaluacion de la actividad del Tetramisole y 
del Adipato de Piperazina contra la ascari-
diasis de las gallinas. (Evaluation of the 
effect of Tetramisole and Piperazine-adipate 
on ascaridiosis in poultry). Lecture delivered 
by the authors a t the XIX. Congress of 
Veterinarians and Animal Breeders organized 
in Mexico. The authors tried out the effect 
of Tetramisole and Piperazine-adipate 
against Ascaridia galli with 30 Leghorn 
poul t ry . Of Tetramisole 25 and 40, of Pipera-
zine-adipate 300 mg/kg were applied. 
When applied in t he above dose Pipera-
zine-adipate destroys 50 per cent of the 
larvae. 59.09 per cent of t he immature insects 
and 99.9 per cent of t h e adults. 
The effect of Tetramisole when applied 
in a 40 mg/kg dose was found hundred per cent. 
I n the second exper iment carried out with 
255 poultry of Leghorn breed Tetramisole 
applied at a dose of 40 mg/kg was found to 
be of 87.1, while 300 mg/kg Piperazine-
adipate of 70.6 per cen t efficiency. 
In the case of invasion causing repeated 
infections Tetramisole application yielded 
94.6 and Piperazine-adipate 63.4 per cent 
results. 
9 . V . J U R Á S E K , D . O V I E S , L . E S P A I N E : 
Primer hallazgo del trematodo Brachylaemus 
suis Balozet, 1936 (Brachylaemidae) en los 
cerdos de Cuba. (Firs t case of observing 
Brachylaemus suis Balozet, 1936 (Brachy-
laemidae) in Cuba swines). This rare parazite 
was f i rs t described by Balozet in 1936, Tunis. 
Rare pathological phenomena, tooj must be 
followed with a t tent ion even if they have 
no economic importance for the time being, 
because one never knows when the ecological 
and pathological conditions will be favourable 
to their spreading. 
1 0 . M . OPLISTIL, M A R I A E . T O R A N O Y V . 
DYCKOVÁ: Metabolismo ácidobásico en los 
animales. III . Determináción del pH actual 
de la sangre por el micrométodo de Astrup 
(Acid-base metabolism in animals. I I I . De-
terminat ion of pH in blood by Astrup 's 
micromethod). 
I t is a worldwide a n d at the same t ime 
necessary phenomenon t h a t experts working 
far f rom laboratories m a k e themselves more 
and more independent of the central labo-
ratories, perform the examination on the 
spot and with the possibility of a rapid inter-
vent ion obtain results as soon as possible. 
The method described in the article serves 
this purpose too. 
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1 1 . R . P R I E T O : Eficacia de la Niclosamide 
en el tratamiento de la monieziosis en bovines y 
ovinos jovenes (Effect of Niclosamide treat-
ment of monieziosis in cat t le and young 
sheep). 
Niclosamide was applied at a dose of 65 — 
72 mg/kg to young cattle, and a t 70 —90 
mg/kg to young sheep against infection by 
Moniezia benedeni and Moniezia expensa. 
A 40-fold overdose of the thérapie dose 
was not found toxic. 72 hours after the 
t rea tment the coprological tes ts showed 
negative results. 
12. P. METEV, A. BENITEZ: Tipificación y 
antibiograma de cepas de Salmonellas aisladas 
de visceras de terneros muertos por salmonelosis 
(Typification of Salmonella s t rains bred from 
the viscera of calves died of salmonellosis, and 
determination of their antibiograms). The 
authors isolated 35 Salmonella s trains from 
dead calves. 66.6 per cent of the strains 
was found to be S. dublin, and 33.4 per cent 
S. enteritidis. 
86 per cent of the strains proved highly 
sensitive to tetracycline and 71.4 per cent 
to furodone. To nitrofurane, polymyxine В 
and chloramphenicole the strains displayed 
but a moderate sensitivity. The publication 
gives an assessment made on the basis of 
routine tests. 
1 3 . H . F E R N A N D E Z , P . C H A V E Z , R . 
POLANCO: Reporte de un brote de encefalomieli-
tis equina lipo Este. Medidas de control (Re-
port on the development of Eas te rn type 
horse encephalitis). Lecture delivered by the 
authors in August 1971 at the X I X . Veterina-
ry and Animal Breeder World Congress in 
Mexico. In the article the authors — in addi-
tion to giving a virus isolation- and serologi-
cal report — deal with vector control and 
prevention too. 
14. A. DELGADO: Evaluaciôn de la efectivi-
dad antinematódica del Telramisol (Evaluation 
of the effect of Tetramisole against nemato-
des). Tetramisole was tested wi th 60 calves, 
100 pigs and 28 chickens. Wi th calves 100 
per cent results were at tained against Dicto-
caulus, Cooperia, Haemonchus, Trichostrongy-
lus, and 40 — 45 per cent results against 
Strongyloides species. In the case of pigs 
the result was 100 per cent against Meta-
strongylus and Ascaris, 98 per cent against 
Oesophagoslomum a n d Hyostrongylus, 90 per 
cent against Strongyloides and 73 per cent 
against Trichuris species. 
The effect was 100 per cent against Ascari-
diasis in poultry. Pigs were the most sensi-
tive to overdosage. Dosages applied to the 
different groups of 3 — 4 months old calves 
of 100 — 120 kg weight were: 10 mg/kg in a 
10 per cent solution subcutaneously, 12.5  
mg/kg in a 3 per cent solution per os, 15  
mg/kg combined wi th Fenotiazin cyano-
acetic hydrazide subcutaneously. For pigs 
the dosage was 10 mg/kg in a 10 per cent 
solution subcutaneously. 
For pigs dosage in Group I (20 — 25 kg) 
was 10 mg/kg in a 10 per cent solution sub-
cutaneously, in Group II. 15 mg/kg sub-
cutaneously. 
To poultry (Leghorn) with 54 g weight 
10 mg, with 107 g body weight 20 mg and 
with 160 g body weight 30 mg/kg was applied 
per os. 
15. J . DE LA C R U Z : Nuevos reportes de 
ectoparásitos de los animales de laboratorio de 
Cuba (New reports on the ectoparasites of 
laboratory animals in Cuba). 
Parasitosis too, mus t be trated in labora-
tory animals or else the results of experiments 
cannot be evaluated because of dea th cases 
caused by intercurrent diseases. 
1 6 . L . G I M É N E Z , O N E L I A S A N T O S , J . 
F E R R E R : Cirurgia radical en un caso de piá-
méira en leona (Radica l surgical intervention 
to cure pyometry in lion). 
The only way of treating pyometry is in 
most cases the removal of the uterus. This 
is what the publicat ion confirms too. The 
illustration of the operative technique by 
photos made of th i s rare case would have 
been very useful. 
1 7 . O . N . R O D R I G U E Z , V . J U R Á S E K , L . 
E S P A I N E , A. R I V A S : Reporte preliminar de la 
presencia de Theileria mutans (Theiler 1906) 
en el genado vasuno de Cuba). Prel iminary 
report on an infect ion caused by Theileria 
mutans (Theiler 1906) to the cattle stock in 
Cuba.) 
By studying t h e Gazette we gain infor-
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mation on the health conditions of the live-
stock in Cuba. We can follow with at tention 
the development of veterinary hygiene and 
animal breeding which were completely 
neglected before the socialist revolution. 
Data of the publications are known by the 
experts of the socialist and leading capitalist 
countries, confirm their f indings and experi-
mental results, and adapt t h e m to the Cuban 
conditions. According to the conclusions 
drawn from the publications animal hygiene 
in Cuba has m a d e a great progress since the 
revolution, and this progress will accelerate 
when the Cuban experts learn more from 
the scientific resul ts of the great personalities 
of veterinary science and animal breeding: 
Hutyra, Marek, Wellmann, J á r m a y , Preiss, 
Hetzel, Csukás, Schandl, Fet t ick, Kertay, 
Manninger and Nyiredy. 
A . W A G N E R 
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Weed Abstracts 
Weed Abstracts is compiled from world literature by the Weed 
Research Organizat ion of the Agricul tural Research Council under 
the direction of J. D . Fryer and published every two months by the 
Commonweal th Agricultural Bureaux as one of their series of 
abstract journals covering the ma jor branches of agricultural 
science. The object of Weed Abstracts is to provide factual summaries 
and reports of the world scientific and technical l i terature on weeds, 
weed control and allied subjects as a means of enabling readers 
to keep abreast of current developments and to act as a concise 
source of reference. 
All correspondence concerned with technical matters or with the 
contents of Weed Abstracts should be addressed to: 
All correspondence concerned with subscriptions or sales should 
be addressed to the Commonweal th Agricultural Bureaux at the 
address given below. 
S U B S C R I P T I O N RATES 
As f rom 1972 the rate to subscribers in countries not contrib-
uting to C.A.B, will be £20.00 ($52.00). Rate to subscribers in 
Contributing Countries £8.00 
This and other publications of the Commonwealth Agricultural 
Bureaux can be obtained through any major bookseller or directly 




W. L. Mil len 
P. J. Kemp, M. Labham, J. L. Mayal l , 
Mrs. M. Young 
Miss C .R . Deans 
Information Section, 
A. R. C. Weed Research Organizat ion, 
Yarnton, Ox ford , England. 
C E N T R A L SALES B R A N C H , 
C O M M O N W E A L T H A G R I C U L T U R A L 
B U R E A U X , 
F A R N H A M R O Y A L , BUCKS, E N G L A N D 
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COMMONWEALTH BUREAU OF PLANT BREEDING AND 
GENETICS DEPARTMENT OF APPLIED BIOLOGY, 
C A M B R I D G E , E N G L A N D 
Information on all topics concerned with the improvement 
of economic plants and microorganisms, in part icular the 
methods and achievements of crop breeding, f ield trials, 
new varieties and strains, genetics and cytology, is given 
regular ly in the journa l . 
PLANT BREEDING 
ABSTRACTS 
COMPILED FROM W O R L D LITERATURE 
Each volume contains over nine thousand abstracts from 
articles and reports in thirty to for ty different languages, 
also reviews of new books and notices of new journals 
A N N U A L SUBSCRIPTION: 
Rate to subscribers in Non-Contr ibut ing Countr ies £35 
($91.00) 
Order through booksellers or 
C O M M O N W E A L T H AGRICULTURAL BUREAUX 
CENTRAL SALS BRANCH, FARNHAM ROYAL, 
SLOUGH, E N G L A N D 
Г,5 
C A N A D I A N 
J O U R N A L OF SOIL 
S C I E N C E 
The Agricul tural Institute of Canada, organized in 1920, publishes 
the Canadian Journals of Plant, Animal and Soil Science. 
These journals are devoted to the publication, in English 
and French, of the results of original scientific research. 
The C a n a d i a n Journal of Soil Science is published 4 times yearly, 
these issues making up a volume of some 500 pages a 
year , size 2 4 . 7 x 1 6 . 5 cm. 
The publication charge payable by all authors is currently set al 
$17 per printed page; however , free reprints are not 
provided. Price quotations for reprints are pro-
vided with the galley proofs, and reprints should be or-
dered when the proofs a re returned to the Editorial 
Office. 
Manuscripts for publication and all correspondence should be ad-
dressed to the Editorial Off ice, Canadian Journal of Soil 
Science. 
Subscriptions outside Canada : individuals, $1 3.00, institutions 
$19.50 per year ; single copies, $3.50. 
Editorial Off ice — Agricultural Institute of Canada 
Suite 907, 151 Slater St., 
Ottawa, Ontar io , K1P 5H4. 
The Agricultural Institute of Canada also publishes 




of CAB Services 
The Commonwealth Agricultural Bureaux are introducing computer tech-
niques for the provision of specialist scientific information services for 
agricultural research workers. T h e new system will facilitate: 
(a) speedier journal production and earlier notice of papers, 
(b) the inclusion of improved indexes in each journal issue, 
(c) the search of the whole CAB data base to provide special 
outputs on selected topics, current awareness, personal and 
group services, annotated bibliographies, etc., 
(d) the interchange of information with other major informa 
tion services in this field, 
(e) the supply of magnet ic tapes. 
Some automated journal production will start in 1972 and further de-
tails will be announced in due course. 
A n y enquiries should he addressed to: 
Systems Manager, 
Commonwealth Agricultural Bureaux, 




This official organ of the American Society ofAgron-
omy is a bimonthly publication of up-to-date reports 
of general agronomic research. Workers in the fields 
of forages and pastures, crop improvement, cultural 
practices, soil fertility, and allied areas of investiga-
tion willfind articles of lasting interest in Agronomy 
journal. Publication is open to members of the Amer-
ican Society of Agronomy. 
$22.00 per y ear in U.S. and Canada, $24.00 per year elsewhere. 
AMERICAN SOCIETY OF AGRONOMY 
677 S. Segoe Rd, 
Madison, Wisconsin J f f i i 
в» 
Das Institut für wissenschaftlich-technische Informationen der 




Vorsitzender Prof. Ing. Frantisek H r o n , CSc. 
Mitglieder: 
Ing. Jirí Apltauer, CSc., Ing. I v o Bares, CSc., Akademiker Ctibor 
Blattny, Prof. Ing. Karel Öervenka, CSc., Doz. Ing. Mikulás Derco, 
CSc., Dr. Zbynëk Facek, CSc., Ing. Jüjí Fiedler, CSc., Ing. Josef 
Habovstiak, CSc., Prof. Ing. Dr. Ladislav Hruska, DrSc., Ing. 
Karel Jelinek, CSc., Prof. Dr. Ing. Václav Kás , DrSc., Prof. Dr. 
Ing. Vladimír Kosil , DrSc., Doz . Ing. Anton Kovácik, CSc., 
Prof. Ing. Dr. Frantisek Landovsky, Ing. Jaroslav Lekes CSc., 
Mitglied der Tschechoslowakischen Akademie der Wissenschaften 
Ing. Frantisek Marecek, Ing. Frantisek Mráz, CSc., Doz. Ing. 
Jaroslav Prugar, CSc., Prof. Ing. Václav Rybácek, CSc., Doc. 
Ing. Vladimír Segeta, CSc., Ing. Miloslav Schmied, Ing. Vladimír 
Skládal, Ing. Josef Slepicka, Ing. Ján Svihra,CSc., Ing. Juraj 
Uhliar, CSc., R N D r . Ing. Jaroslav Zakopal. 
Die wissenschaftliche Zeitschrift R O S T L I N N Á V Y R O B A veröffent-
licht Studien, Analysen und wissenschaftliche Abhandlungen über 
die gelöste Aufgaben der Wissenschaft aus dem Fachgebiet der 
Pflanzenproduktion. Die Zusammenfassungen jedes Beitrags wer-
den in die russische, englische und deutsche Sprache übersetzt. 
Die wissenschaftliche Zeitschrift R O S T L I N N Á V Y R O B A erscheint 
monatlich in einem Umfang von 112 Druckseiten, Redaktion: 
120 56 Praha 2, Slezská 7. 
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"Probleme agr icole" 
is a periodical of agricultural science and practice, 
published in Rumania as an organ of the Higher 
Council of Agriculture and destined to the specialists 
in agriculture with higher studies. 
The review publishes works concerning the problems of 
the development of the agricultural production (original 
researches, papers drawn up on the basis of experiments 
and of the scientific l i terature of speciality, achievements 
of the foremost agricultural units) in the following fields: 
economy and organization of the production, utilization 
of the land fund, plant meliorat ion, agrotechnics, phyto-
technics, plant protection. T h e original works are accom-
panied by Russian, English, and French summaries. 
The review contains also the chronicles of certain impor-
tant scientific events and manifestations f rom Rumania 
and from abroad, and the reviews of works published 
in different countries. 
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CANADIAN JOURNAL 
OF PLANT SCIENCE 
The Agricultural Institute of Canada organized in 1920 pub-
lishes the Canadian Journals of Plant, Animal and Soil Science. 
These publications are devoted to the publication, in English and 
French, of the results of original scientific research. 
The Canadian Journal of Plant Science is published four 
times yearly; making up a volume of some 700 pages a 
year, size 24.7 x 16.5 cm. 
The publication charge payable by all authors currently 
is set at $17 per printed page; however, free reprints are not 
provided. Price quotations for reprints are provided with 
the galley proofs, and reprints should be ordered when the proofs 
are returned to the Editorial Office. 
Manuscripts for publication and all correspondence should 
be addressed to the Editorial Office, Canadian Journal of Plant 
Science. 
Subscriptions outside Canada: individuals $13.00, insti-
tutions $19.50 per year, single copies $3.50. 
Editorial Office — Agricultural Institute of Canada, 
151 Slater Street, 
Ottawa, Ontario, KIP 5H4. 
The Agricultural Institute of Canada also publishes the 
AGROLOGIST bimonthly. 
as 
Publications of the 
AGRICULTURAL 
INSTITUTE OF CANADA 
CANADIAN JOURNAL OF PLANT SCIENCE: published four times yearly 
with an annual volume of 700—800 pages. Size 16.5x24.5 cm. Subscriptions outside 
Canada: individuals $13.00, institutions $19.50 per year. 
CANADIAN JOURNAL OF SOIL SCIENCE: published four times yearly, with 
an annual volume of over 500 pages. Size 16.5x24.5 cm. Subscriptions outside 
Canada: individuals $13.20, institutions $19.50 per year. 
CANADIAN JOURNAL OF ANIMAL SCIENCE: published four times yearly, 
with an annual volume of some 800 pages. Size 16.5 x 24.5 cm. Subscriptions outside 
Canada: individuals $13.00, institutions $19.50 per year. 
AGROLOGIST: annual volume of 6 issues, individually paginated. Size21 x 28.5 cm. 
Subscriptions: Canada and British Commonwealth $6.00 per year, elsewhere $7.00. 
THE THREE JOURNALS publish papers, in English or French, presenting original 
research findings related to crops, soils and farm animals and their products. The 
studies are written by scientists from Canada and abroad, and are reviewed for publi-
cation by respected members of the agricultural research community. The journals 
are distributed in more than 50 countries throughout the world. 
THE AGROLOGIST is concerned with trends in Canadian and world agriculture, 
and is a forum for discussion of topics ranging from international development to 
marketing policies. Designed to be of interest to both professional and layman, 
it recently won an international award on the basis of content and presentation. 
One issue per year is devoted to a topic of current interest. Recent special issues 
have included "Pollution and Canadian Agriculture", and "Marketing Canada's 
Agricultural Products". CORRESPONDENCE and orders should be addressed to 
the individual publication, c/o Agricultural Institute of Canada, Suite 907, 151 Sla-
ter Street, Ottawa, Canada, K I P 5H4. 
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P O L I S H A G R I C U L T U R E , F E A T U R E S , T Y P E S A N D R E G I O N S 
by J. Kostrowicki a n d R. Szczesny 
(Geography of World Agricul ture 1) 
This book gives a comprehens ive p ic ture of t h e Polish agricul ture t o - d a y , 
acqua in t ing t h e reader at t h e same t ime w i t h the research methods appl ied 
in this f ie ld of Polish agr icu l tu re -geography . The m e t h o d s of investigation-
described m a y successfully b e employed in o the r countr ies too . 
In Engl ish • Approx. 160 pages • Cloth 
B I O C H E M I C A L AND E C O L O G I C A L A S P E C T S O F P L A N T - P A R A S I T E 
R E L A T I O N S 
edited by Z. Király and L. Szalay-Marzsó 
Repr in ted f r o m Acta Phy topa tho log ica A c a d e m i a e S c i e n t i a r u m Hunga r i cae 5 
Vol. 6, 1971) 
This vo lume presents t h e p a p e r s delivered a t the Sympos ium held on t h e 
occasion of t h e 90th ann ive r sa ry of t h e Hunga r i an Resea rch I n s t i t u t e for 
P l a n t P r o t e c t i o n , Budapes t , Sep t . 28—Oct . 1, 1970. The b o o k contains f o u r 
chapters : Defe rence Reac t ions of P lan t t o Infec t ions ; Eco logy of Pes t s ; N e w 
Approaches t o Pes t Control a n d Sys temat i c Fungicides a n d their Mechan i sm 
of Action 
In Eng l i sh • 425 p a g e s • Cloth 
N U C L E I C ACIDS A N D P R O T E I N S I N H I G H E R P L A N T S 
ed i ted by G. L. Farkas 
(Symposia Biologica Hungar i ca 13) 
The Sympos ium, t h e first i n t e rna t iona l m e e t i n g of its k ind , covered a n a l y t i c a l , 
s t ruc tura l a n d metabol ic aspec t s of nucleic acids and p ro te ins in higher p l a n t s . 
Recent f i nd ings and deve lopments in t h e synthesis and ho rmona l con t ro l of 
proteins and nucleic acids a re discussed in detai l . Special a t ten t ion is b e i n g 
devoted to t h e problem of nucle ic acid a n d prote in synthes is in cell pa r t i c l e s 
and to the role of nucleic acids and p ro te ins in plant deve lopment . 
In English • Approx. 300 pages • Cloth 
A K A D É M I A I K I A D Ó 
Publ i sh ing House of t h e Hunga r i an A c a d e m y of Sciences Budapes t 
18 3 
EUPHYTICA 
Netherlands Journal of Plant Breeding 
Lavickse Allee 166; Wageningen, The Netherlands. 
Vol. 22 (1973) (642 pages) contains 81 articles. Some are: 
Diploid potatoes in mutation breeding, Evaluat ion of Solarium verrucosum, 
Some evidence for genetically controlled variation in photosynthetic rate 
of oil palm seedlings, Synthesis and steril ity of Raphanobrassica, Es t imate 
of genotypic value, Method of evaluating strawberry plants as sources 
of field resistance to Phytophthora fragariae, Allopolyploidization of 
autopolvploids, Cross pollination in wheat , Interspecific hybrids between 
Brassica napus and B. campestris, Genetic variation in a large population 
of tomato varieties, A polycross pattern formula, Linkage studies in 
Oryza, A model for incongruity in int imate partner relationship, Engel-
breeht's v iew on the origin of cultivated plants, Brassica napocampestris, 
Anther culture in potato, Composites of pigeon pea, Selection for seed 
set in crosses of Avena sativaxA. abyssinien, Genetical studies of quan-
titative characters in peas. 
Published three times a year, in annual volumes of about 600 pages. 
Subscription vol. 23 (1974) 65 guilders (about $23) a year. 
Vols. 2 (1953) - 21 (1972) at 40 guilders per volume (about $14). Vol. 
22 (1973) at 60 guilders (about $20). 
Vol. 1 (1952, reprinted) $12.50. 
Correspondence should be addressed to: 
Dr. A. C. ZEVEN, 
Institute of Plant Breeding (I.v.P.) 
L A W I C K S E A L L É E 166, W A G E N I N G E N 
T H E N E T H E R L A N D S . 
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LAND SUPPLY AND INTERNATIONAL 
SPECIALIZATION IN AGRICULTURE 
by N. Csáki 
Geography of World Agriculture 3 
On the basis of the data from several countries around the globe 
representing various levels of development and land supply — 
this s t u d y analyses, and describes in mathematical models, nu-
merous correlations in agricultural foreign trade; at the same time 
assistance is provided facilitating the recognition of regularities in 
international divisions of labour. 
In Engl ish • Approx. 100 pages • Cloth — I S B N 963 05 0172 4 
,1828 
A K A D É M I A I K I A D Ó 
Publishing House of the Hungarian 
Academy of Sciences 
Budapest 
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HISTORY OF AGRICULTURE 
HISTORY OF AGRICULTURE provides the channel of communication for a 
world wide network of people interested in establishing an agricultural historiography 
of a high s tandard of scholarship. It aims to integrate the research of historians of 
agriculture on an international plane and thereby to contribute towards a bet ter 
understanding of the development of world wide agriculture. 
The journal ' s field of interest embraces all epochs of agriculture, all aspects 
of agricultural development and activity and agricultural insti tutions in the whole 
range of their cultural, scientific and social implications. Authoritat ive and construc-
tively critical book reviews of the most important booksin the field of agricultural history 
are also included. 
HISTORY OF AGRICULTURE also publishes information concerning the most 
important events of international agrico-historical activity. A special "News and Notes" 
section il luminates projects such as the establishment of new museums, agrico-historical 
institutes and societies and the proceedings of nat ional or international congresses etc. 
Contributions of original articles whose conclusions have been reached through a use 
of methods, criticism and knowledge of modern agrico-historical research are respect-
fully invited. Contributors of main articles will receive twenty five reprints free of cost. 
Particulars of the cost of addit ional reprints, if required will be sent before publication 
and orders for additional repr ints should be made by return. 
The journa l is published quarterly in the third week in February , May, August 
and November. 
The subscription rate is U. S. Dollars 25.00 a year in U. S. A. and Canada and 
£10.00 in Europe and elsewhere. 
Manuscripts, review copies of books and subscription orders should be addressed 
to K. K. ROY (PRIVATE) LTD. 55 Gariahat Road, P. O. Box 10210, Calcutta 19. India. 
5 2 7 
AN AGRICULTURAL TYPOLOGY 
OF CALIFORNIA 
by H. F. Gregor 
(Geography of World Agr icu l tu re 4) 
I t is charac te r i s t ic of Cal i fornia 's agr icu l ture t h a t it t u r n s ou t more t h a n 250 
k inds of p roduce . The Californian fa rms, r i ches t in cap i ta l in the U.S.A. a re 
highly specialized and t he re is also an i m p o r t a n t regional va r i e ty in t h e agri-
cul ture of th i s s t a te , owing to its largely d ivergen t geographical cond i t ions . 
The au tho r analyzes in de ta i l t he eight f a r m - t y p e s prevai l ing in Cal i fornia , 
describes the i r geographical condit ions a n d sys tem of p roduc t ion , as well as 
their socio-economic organiza t ion . F ina l ly , he gives a s u m m a r y a b o u t t h e 
regional s t r u c t u r e of and t h e changes in Cal i fornian agr icu l tu re . 
In English • Approx . 80 pages • Cloth 
— I S B N 963 05 0174 0 
A K A D É M I A I K I A D Ó 
Publ ishing House of the H u n g a r i a n A c a d e m y of Sciences 
B U D A P E S T 
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THE INDIAN JOURNAL OF GENETICS 
AND PLANT BREEDING 
Official publication of 
The Indian Society of Genetics and Plant Breeding 
Founded in 1941. Contains articles on subjects of interest to Plant Breeders on Genetics, 
Cytology, Plant Breeding Methods, Biometrical Studies, Crop Improvement work in India, 
Review of knowledge in important fields, etc. 
Vol. 33 (1973) contains over 75 articles, among others on: Genetic analysis in exotic 
Indian sorghum corsses; Combining ability analysis in dwarf and malesterile pearl millets; 
Differentiation between tetraploid species of wheat; Rose Breeding in India; Mendal in the light 
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ACTA A G R O N O M I C A 
ТОМ 2 4 - В Ы П 3 - 4 . 
РЕЗЮМЕ 
С Р А В Н И Т Е Л Ь Н О Е И З У Ч Е Н И Е П Л Е М Е Н Н О Й ПРОИЗВОДИТЕЛЬНОСТИ 
Р А З Н Ы Х П О Р О Д СВИНЕЙ ПРИ ПРОМЫШЛЕННОМ Р А З В Е Д Е Н И И 
Л . ЧИРЕ, П. ВЕСЕЛИ, Д . Ш И М О Н 
На свиной ферме, оборудованной целиком для закрытого разведения, с 1969 до 
ноября 1970 года сравнивалась племенная производительность (число живорожденных 
поросят, их индивидуальный вес, а также число и вес поросят в возрасте 28 и 85 дней) 
пород венгерской белой мясного типа, шведской крупно-белой, голландской низменной, 
английской низменной, бельгийской Пиетрейн и американской Хемшир в ходе их чис-
топородного и гибридного разведения. Результаты опытов, с одной стороны показали, что 
при закрытом разведении надо иметь в виду разную чувствительность пород, с другой 
стороны, подтвердили и то, что на ферме такой системы с целью повышения энергии 
роста поросят и понижения убытков вскармливания целесообразно проводить скре-
щивания между породами. 
СПОНТАННОЕ Д И П Л О И Д И З И Р О В А Н И Е ГАПЛОИДА NICOTIANA SILVESTRIS 
SPEG. ET COMES 
Л. С И Л А Д И 
Цитологические анализы были проведены на полученных из ткани пыльника 
гаплоидных растениях N. silvestris и их семенном потомстве. Гаплоидные растения, в 
отличие от диплоидов, имели узкие листья и мелкие цветы. В их соматических клетках 
имелось по 12 хромосом, а в мейозе кроме унивалентов наблюдались только 1—2 бива-
лента. Тем не менее редко встречались и диплоидные клетки с 12 бивалентами. Из разных 
распределений анафазных хромосом по-видимому только гаметы, имеющие 12 хромосом, 
являются жизнеспособными. Фертильность пыльцы гаплоидных растений была относи-
тельно высокая, 16,7%, что указывает на большое количество нередуцированных пыль-
цевых зерен. Потомства гаплоидного N. silvestris, таким образом, опять имели диплоид-
ные (2п = 24) наборы хромосом и правильный мейоз (п = 12
п
). Вторичные ассоциации 
унивалентов (6 пар унивалентов), часто наблюдавшихся в метафазе мейоза I. гаплоидного 
N. silvestris, позволяют заключить, что основное число хромосом рода Nicotiana равно 6. 
К У Л Ь Т И В И Р О В А Н И Е ЗАВЯЗИ ВИДОВ RUBUS НА ПИТАТЕЛЬНОЙ С Р Е Д Е 
И. М. ЗАТЬКО, И. Ш И М О Н 
Завязи из дутонов цветка сорта малины Mailing Promise (Rubus idaeus L.) и 
Rubus caesius L. до оплодотворения были помещены и культвированы на питательной 
среде Миллера и Нитша и их модификациях. Завязи на питательной среде Нитша + ИАА 
2 ппм стали самыми крупными, что можно приписать сильному образованию каллюса, 
тем не менее они не достигли по величине и окраске ягод, развивающихся в естественных 
условиях. Ягоды не имели жизнеспособного зародыша, значит они оказались партено-
карпическими. На питательной среде Нитша + ИАА 0,1 ппм после 2 месяцев было обна-
ружено возникновение костянки семян. Препарированные из более крупных бутонов 
завязи образовывали более крупные ягоды. Завязи некоторых образцов Robus caesius 
на питательной среде Нитша + ИАА 0,1 ппм без пересадки оставались живыми в течение 
1 года. Это удивительное явление обращает внимание на то, что обеспечение стерильных 
условий при хранении свежих ягод может иметь серьезное значение. 
ИССЛЕДОВАНИЯ ПО О П Р Е Д Е Л Е Н И Ю ПОТРЕБНОСТИ ЛИЗИНА И МЕТИОНИНА 
II. Определение обеспеченности аминокислот у откормочных свиней с помощью опре-
деления отдельных параметров кровяной плазмы 
Д Ь . ЙЕЧАИ, М. С Е Л Е Н И - Г А Л А Н Т А И , Б. ЮХАС 
У нескольких групп свиней изучался эффект добавленных в корм аминокислот по 
содержанию свободных аминокислот кровяной плазмы. В течение опытов в группах по 5 
животных определялся свободный аминокислотный состав плазмы из кровяных проб. 
Установлено, что разные дозы аминокислот, добавленные в диету, чувствительно влияют 
на содержание свободных аминокислот кровяной плазмы. При наличии в корме 0,92% 
лизина был найден оптимум уровня лизина плазмы (27 -29 умол/ЮО мл плазмы). Резуль-
таты авторов по изучению азотооборота соответствовали вышеприведенным определе-
ниям. Их опыты показывают, что определение содержания свободных аминокислот 
плазмы как параметр нормы потребности свиней в аминокислотах может быть исполь-
з о в а н как точный, быстрый и чувствительный метод. 
ИОНОБМЕН SCENEDESMUS ORTUSIUSCULUS 
Г. МЕСЕШ 
В предыдущих опытах нами показано, что механизм усвоения калия и бромида 
Scenedesmus obtusiusculus зависит от стадии развития клеток. Кривая характера кон-
центрации, компетиция, стимулирующий эффект света указывают на активное усвоение 
главным образом к а л и я . Зато активность механизма усвоения иона бромида является сом-
нительной. Результаты опытов по обмену подтверждают, что обмен бромида является 
скорее активным процессом, чем процессом усвоения. Свет в значительной мере стиму-
лирует как обмен калия , так и обмен бромида. 
О П Ы Т Ы ПО О П Р Е Д Е Л Е Н И Ю ДИАПАУЗЫ В ВЕНГЕРСКОЙ ПОПУЛЯЦИИ 
GRAPHOLITHA D E L I N E A N A WALK. ( = SINANA FELD.) , LEPID.: TORTRICIDAE) 
ДЬ. Ш А Р И Н Г Е Р , Б. Н А Д Ь 
Диапауза G. delineana Walk. ( = sinana Feld.), начинающаяся в конце августа, 
определяется в первую очередь фотопериодом, имеющимся во время развития личинки. 
Критическое с точки зрения диапаузы время освещения продолжается около 14 15 
часов. При повышении температуры, влияющей на вызванную фотопериодом диапаузу, 
снижается эффект фотопериода. G. delineana является длиннодневным насекомым, 
имеющим факультативную диапаузу. 1 —10% личинок даже в длиннодневных условиях 
диапаузируют, в то ж е время в короткодневных условиях тоже обнаружили свежую 
к у к о л к у на открытом воздухе (15-ого сентября). Диапаузирующие личинки без влияния 
холода после 1 — 3 месячного состояния покоя могут развиваться в имагинальную стадию. 
В южновенгерских районах, где возделывают коноплю, с точки зрения диапаузы личинок 
период с 20-ого августа до 7-ого сентября является критическим. В этот период снижается 
эффективная длина дня с 15 часов до 14 часов. Более ранняя уборка конопли на волокно 
(в первой половине августа) предотвращает перезимовку большого числа личинок. Таким 
образом, численность популяции следующего года может быть значительно понижена. 
И З М Е Н Е Н И Е АКТИВНОСТИ ОКСИДАЗЫ И ПЕРОКСИДАЗЫ Г Л И К О Л Ь Н О Й 
КИСЛОТЫ В ЛИСТЬЯХ К У К У Р У З Ы ВО ВРЕМЯ ВЕГЕТАЦИОННОГО ПЕРИОДА 
л . Д Е Ж И 
Изучалось изменение активности оксидазы и пероксидазы гликольной кислоты» 
а также содержание хлорофилла у основания и в верхушечной части листьев кукурузы в 
течение вегетационного периода. Установлено, что активность оксидазы гликольной кис-
лоты всё время была выше у основания листа, то есть в молодой части, близкой к стеблю, 
чем в более дальных, верхушечных тканях. Однако содержание хлорофилла в верхушеч-
ных, более старых тканях было выше. На каждом отдельном уровне листьев параллельно 
со старением листьев снижалась активность оксидазы гликольной кислоты, в то же время 
содержание хлорофилла по существу не изменилось. В начале вегетации в листьях, 
появляющихся во время образования стебля, активность оксидазы гликольной кислоты 
была гораздо выше, чем в более позднем периоде, в листьях, образующихся после цвете-
ния, опыления. На основании этих данных можно установить, что во время развития 
кукурузы в листьях не имеется тесной связи между активностью оксидазы гликольной 
кислоты и содержанием хлорофилла. Далее можно установить, что степень активности 
оксидазы гликольной кислоты определена не возрастом листьев, а физиологическим воз-
растом растений. Во время развития кукурузы в листьях активность оксидазы гликольной 
кислоты менялись подобно содержанию К, в противовес содержанию Ca и N 0 3 - N. На 
основании этого можно предположить некоторую связь между активностью оксидазы 
гликольной кислоты и содержанием питательных веществ. В ходе вегетации между воз-
ростом листьев и величиной активности пероксидазы не всегда найдена тесная зависимость, 
параллелизм. Также внутри одного листа кукурузы не всегда более старная часть ткани 
обладает повышенной активностью пероксидазы. Дальнейшая задача — подробнее изучить 
уровни пероксидазы и открыть причины изменений активности в период развития ку-
курузы. 
ЭФФЕКТ Г У А Н И Д И Н О - М Е Т И Л И Р О В А Н Н Ы Х АРГИНИНОВ НА РОСТ Т К А Н Е В О Й 
К У Л Ь Т У Р Ы ТАБАКА 
Е. Т И Х А К , М. МАРОТИ, Д. В А Г У Й Ф А Л В И , Ш. БАЮС, А. ПАТТИ 
При изучении эффекта Л-аргинина и гуанидино-метилировзнных производных 
на культурную ткань табака авторы установили, что ММА (No-monometil-L-arginin) 
и ДМА' ( N 0 , N'0-dimetil-L-arginin) в концентрации 10 и 100 ппм в 41 и 62-дневной 
культуре вызвал торможение роста. Удалось выявить как в культуре ткани, так и в 
спиртовом экстракте питательной среды Л-аргинин и два гуанидино-метилированных 
аргинина методом послойной хроматографии. Можно предположить, что гуанидино-
метнлированные аргинины вследствие плохого деметилирования влияют на антагонизм 
лнзин-аргинина, таким образом они представляют собой компонент системы, регулиру-
ющей естественный рост. 
И З У Ч Е Н И Е ЭФФЕКТА МЕСТА ПРОИЗРАСТАНИЯ У SOLANUM DULCAMARA 
И. M A T E МЛ., ДЬ. ТОТ, Ш. ВАЙДА, И. М А Т Е 
Авторы в этой статье изучали продуктивность растительных популяций, созданных 
вегетативным размножением из томатиденольного главно-аглнконного таксона Solanum 
dulcamara L., который содержит и солэсодин и соладулцидин, в зависимости от места 
произрастания. Установили, что как на вес растения, так и на продукцию алкалоида в 
очень большой степени влияют условия среды. Авторы пытаются выразить экологическое 
влияние на продукцию (в первую очередь осадками и почвой) соответствующими для 
сравнения цифровыми данными. 
КАКУЮ РОЛЬ МОЖЕТ ИГРАТЬ Г И Б Б Е Р Р Е Л И Н В П Р Е К Р А Щ Е Н И И ПЕРИОДА 
ПОКОЯ К А Р Т О Ф Е Л Я ? 
1. Физиологический эффект GA3 на углеводный обмен, активность амилазы и мыхания 
в прорастающем картофеле 
И. САЛАИ, М. НАДЬ, М. Г Е Л Ь Ф Р И Х 
Авторами изучались возможная роль GA3 в углеводном обмене, активность амилазы 
и повышение дыхания. Было обнаружено, что ОА3-обработка вокруг почек и их близости 
повышала дыхание в запасных тканях по сравнению с контрольными клубнями. Парал-
лельно с повышением интенсивности дыхания активность амилазы, гидролизирующей 
крахмал, тоже увеличивается, и наиболее сильно это было выражено вокруг почек и в 
меньшей степени в запасных тканях, раположенных далее от них. Все эти эффекты 
не наблюдались, если одновременно с GA3-o6pa6oTKoií использовали ABA, которое пол-
ностью ингибировало эффект, произведенный GA3. Количество редуцирующего сахара 
зависело только в незначительной степени от увеличения pH, вызванного ОА3-обра-
боткой, и в большей степени — от концентрации GA3. Эксперименты, проведенные со 
срезами ткани клубней картофеля в стерильных условиях, показали, что эффект GA3 по-
является при повышении «de novo» синтеза молекул амилазы. Синтез амилазы, индуциру-
ющей эффект GA3, может быть компенсирован ABA. 
О П Р Е Д Е Л Е Н И Е П О К А З А Т Е Л Е Й НОРМЫ П О В Е Д Е Н И Я К Р У П Н О Г О РОГАТОГО 
СКОТА РАЗНОГО ВОЗРАСТА И ИСПОЛЬЗОВАНИЯ 
Й. ЦАКО 
Адаптационная способность крупного рогатого скота разного возраста и использо-
вания к примененной технологии может быть определена, в первую очередь, при помощи 
показателей поведения, то есть можно решить до какой степени удалось создать гармонию 
технологических систем и физиологических потребностей животных. Изучались главные 
показатели повдения (лежание, движение, употребление пищи и воды, жвачка, дефека-
ция и мочеиспускание) разновозрастных телят и телок, коров, воспитанных разным спо-
собом, и также бычков с разным живым весом. Данные являются характерными для изу-
ченных групп животных, т. к. на основании статистической оценки число наблюдений 
было достаточным для обобщения. Из данных видно, что разный способ воспитания не 
модифицирует главные процессы жизни, если потребность животных удовлетворена. Д л я 
венгерской пестрой породы в условиях Венгрии показатели воспитания телят, содержания 
и откармливания коров являются характерными. В отношении длительности и частоты 
лежания и движения, числа, дефекаций и мочеиспусканий разные генотипы ведут себя 
приблизительно одинаково. Таким образом, для технологического планирования, данные, 
полученные по венгерской пестрой породе, можно распространить и на другие генотипы. 
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GYULA MÉSZÖLY 
1910—1974 
Dr. Gyula Mészöly, academician, t i t u l a r professor, t h e founder, sc ient i f ic 
adviser and director dur ing 30 years of o u r Ins t i tu te , o r ig ina to r of the H u n g a -
rian hor t i cu l tu ra l p lan t breeding school, deceased on March 17, 1974 a f te r 
long suffer ings. 
A scholarly life r ich in struggles b u t also full of success, filled w i t h deep 
unde r s t and ing of m a n k i n d ended on t h i s day . 
Gy. Mészöly was b o r n at Vöröspusz ta (Suhopolje) J a n u a r y 6, 1910. 
His life was no t easy. Being orphaned ea r ly he was b r o u g h t up in a war-or -
phans ' home a t Ike rvár where he first got acquain ted w i t h gardening t o devo te 
later a whole l ifetime to i t . 
Af t e r f inishing a gardener ' s t r a in ing school at B a j a he received his di-
ploma in t h e School for Hor t icu l ture , t h e predecessor of t h e present U n i v e r s i t y 
of Hor t i cu l tu re , in 1935. 
He worked f i rs t in a f a r m of Derekegyháza belonging to Ödön M a u t h n e r 
Seed Co. L td . , and la ter in an orchard a t E rd . 
In 1936 he was appo in t ed teacher t o a Hor t i cu l tu ra l Secondary School 
at Ba j a . I t was during th i s t ime tha t he real ized for the f i r s t t ime t h a t a d v a n c e 
in vegetable growing can only be achieved by in t roduc ing new var ie t ies into 
cul t ivat ion. 
In 1940 he came t o Kecskemét a n d t a u g h t in t h e Agricul tural T e a c h e r s ' 
College. At th is t ime he h a d begun his compar i son tr ials of vegetable var ie t ies . 
Results p r o m p t e d him t o t r y t o increase t h e p roduc t iv i ty of varieties b y breed-
ing. 
He h a d every possibi l i ty open be fo re him as he w a s charged to organize 
an E x p e r i m e n t a l F a r m a t Kecskemét in 1943. 
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The Second World W a r destroyed t h e first ach ievements . W o r k was 
t aken up, however , with und imin i shed e n e r g y on fields devas t a t ed by shells . 
His who le life exempl i f ies how fa i th , will-power a n d competence p reva i l 
over diff icul t ies . 
I t was w i t h hard w o r k and ail e n t h u s i a s m born of a sense of v o c a t i o n 
t h a t he pa r t i c ipa t ed in p o s t w a r recons t ruc t ion . His desire to work coup led 
wi th love fo r mankind and t h e wish to h e l p , gave him s t r e n g t h to fu l f i l his 
tasks . 
He r e spec ted the s imp le farmers w h o fought d a y a n d night aga in s t 
drought a n d s a n d blast fo r the i r livelihood and he did his best to i m p r o v e 
the i r condi t ion of life. 
He cal led a t tent ion t o t h e advan tages of good var ie t ies , improved seeds 
a n d up- to -da te cultural m e t h o d s to increase yield. 
His door was always o p e n to those w h o wanted to l ea rn . He began his 
career by t e s t i n g 900 v e g e t a b l e species a n d varieties respect ively, col lected 
in the region; in 1947 he a l r e a d y directed nat ional-wide t o m a t o growing t r ia l s . 
In 1951 t w o of his t o m a t o varieties — "Kecskemét i 3 6 3 " and " K e c s k e -
mé t i 364" — received s ta te regis t ra t ion. T h e var ie ty " K e c s k e m é t i 363" h a d a 
considerable p a r t in i m p r o v i n g the processing base ma te r i a l in Hunga ry a n d 
Bulgaria a l ike. 
In 1950 t h e E x p e r i m e n t a l Fa rm was en la rged and in 1955 it was r ep laced 
b y the Agr icu l tu ra l E x p e r i m e n t a l Research Ins t i tu te of t h e Danube—Tisza 
Midregion. I n t h e new es t ab l i shment besides vegetables f r u i t trees and f ie ld 
p lan t s had also a part . U n d e r t h e direction of Gy. Mészöly t h e Ins t i tu te soon 
became k n o w n all over E u r o p e . 
He was t h e first to deve lop species-hybrids with Lycopersicutn peruvia-
num in E u r o p e . Later by combin ing L. hirsutum species-hybrids " c o m p l e x " 
species-hybrids were developed which, even today , are i m p o r t a n t sources of 
TMV, Cladosporium and Alternaria resistance. 
He especial ly stressed t h e impor tance of improving qua l i ty factors a n d 
developing n e w types su i t ab le for machine ha rves t . He es tabl ished a t o m a t o 
seed produc t ion unit , which c a n supply t h e whole coun t ry wi th first p r o p a -
gat ion seed. 
As a researcher he was unselfish and r e a d y to help. H i s whole being in-
spired joy of w o r k and love of profession. W i t h his colleagues he developed 14 
s t a t e registered varieties and 12 variety cand ida t e s . He pub l i shed 50 sc ient i f ic 
articles, 40 popular iz ing a r t i c les about c u l t u r a l methods a n d was co -au tho r 
of 7 books. Besides his b reed ing work he h a d several duties elsewhere as: 
— c h a i r m a n of the Agronomical Divis ion of the H u n g a r i a n A c a d e m y 
of Sciences 
— c h a i r m a n and m e m b e r of the P l a n t Breeding C o m m i t t e e of the Agro-
nomica l Division in t h e Hungar i an Academy of Sciences 
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— m e m b e r of the Hor t i cu l tu ra l C o m m i t t e e of the Agronomical Div is ion 
in t h e Hungar ian Academy of Sciences 
— c h a i r m a n of the Bács-Kiskun C o u n t y Organizat ion of the H u n g a r i a n 
Agronomical Association 
— m e m b e r of the Hor t icu l tura l C o m m i t t e e of the Council for Agricul -
t u r a l Var ie ty Qual i f icat ion 
— head of the t o m a t o work-group in the Hor t i cu l t u r a l Coordina t ing 
Commi t t ee 
— m e m b e r of the Scient if ic Council of t h e Ministry of Agriculture a n d 
Food 
— m e m b e r of the Ministerial Advisory Council in t h e Ministry of Agri-
cu l tu re and Food. 
In 1953 he got his cand ida te ' s degree a n d in 1964 t h e Academic d o c t o r a t e . 
Since 1967 he had been t i t u l a r professor a t t he Univers i ty of Hor t i cu l tu re . 
In 1968 he gave his inaugura l lecture a t t h e Hungar ian A c a d e m y of Sciences. 
His meri ts in hor t icul ture a n d society were recognized b y 
— Medal of Labour , 1954 and 1958 
— Kossuth-pr ize , second class, 1956 
— E n t z Ferenc Medal, 1963 
— Fle i schmann Rudol f Medal, 1969 
— Tessedik Sámuel Commemora t ive Plaque and Math ias János Com-
memora t ive P laque , 1972 
— Medal of Labour , gold, November 22, 1973 
In 1973 a t the annua l meeting of t h e Hungar ian A c a d e m y of Sciences 
he was elected regular m e m b e r and the Counci l of the Hor t i cu l tu ra l U n i v e r s i t y 
conferred an honora ry doc to ra t e on him in appreciat ion of his works of 3 de-
cades. 
His publ ic act ivi ty was not l imited to his plant b reed ing work: he h a d 
been member of Par l i ament for 20 years. His name and a c t i v i t y is i n sepa rab ly 
connected wi th the recent h is tory of Bács -Kiskun Coun ty . 
He represented this Coun ty in P a r l i a m e n t for more t h a n 20 yea r s and 
was pe rpe tua l member of i ts Agricul tural Commit tee . D u e to his e n d e a v o u r s 
the villages of very poor na tu r a l sources belonging to his electoral d i s t r i c t 
markedly improved . 
In spi te of the stress of work he r e m a i n e d a research worker and a l w a y s 
found t ime to listen to the problems of his younger colleagues. Tomato b reed-
ing was his aim and joy in life. I t was a m o n g his favour i te p l an t s tha t he k n e w 
relaxat ion. He worked wi th exemplary preciseness a n d conscientiousness. 
The rising sun invar iably found him a m o n g his t o m a t o e s . There he f o u n d 
s t rength to the day 's work and rest a f t e r a long wearisome day. 
Unt i r ing act ivi ty , unbroken fa i th , en thus iasm and working abi l i ty char -
acterized his whole life. He trained, i n s t r u c t e d , helped. H e had conf idence in 
1* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
2 5 4 В. BALDY 
mankind, in his colleagues. H e was full of p l ans for the f u t u r e even when his 
heal th began t o fail him. T o his very last d a y s he encouraged research w o r k . 
Hungar ian p l a n t breeding h a s lost in him i t s pioneer and leader . An e m i n e n t 
character of t o m a t o b reed ing has d i sappeared , but his memory , his w o r k , 
his kind smile, his h u m a n i t y will always b e remembered . 
We well knew tha t he was very ill, b u t hoped in his s t rength and will-
power to recover . His work a n d memory oblige us to c o n t i n u e on t h e way-
shown by h i m to realize t h e a ims for which he lived, w o r k e d and fought . H i s 
remembrance will always b e kept . 
B . B Á L D Y 
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COMPARATIVE STUDY ON THE BREEDING 
PERFORMANCE OF VARIOUS BREED SOWS KEPT 
UNDER LARGE-SCALE CONDITIONS 
By 
F L . C S I K E , P . V E S Z E L Y , D . S I M O N 
R E S E A R C H INSTITUTE F O R ANIMAL H U S B A N D R Y , H E R C E G H A L O M ; 
LOHMANN T I E R Z U C H T , BMGH, C U X H A V E N (GFR) 
In a pig-farm built for closed pen keeping, in the period between March 1969 
and November 1971 the breeds of Hungarian Yorkshire pig, Swedish Yorkshire, Dutch 
Landrace, English Landrace, Belgian Pietrain and American Hampshire were compared 
for breeding performance (number of piglets born alive, their individual weight, as well as the 
number and weight of piglets at the age of 28 and 85 days), during pure-bred and crossed 
farrowings. The results of the investigations have revealed, on the one hand, that in the closed 
system of keeping the different sensitiveness of breeds must be reckoned with, and on the 
other hand, that in pig-farms of this type the crossing of breeds is recommended with the 
view of decreasing the losses of raising, and increasing the growth rate of piglets. 
Introduction 
During t h e p a s t f ive years a tota l ly new f o r m of pork p roduc t ion has 
developed in H u n g a r y . The essence of the change is t h a t in the recen t ly designed 
and bui l t p ig-farms bo th the b reed ing and f a t t e n i n g pigs are k e p t in a closed 
s y s t e m , where — in addit ion — t h e various w o r k processes (feeding, m a n u r e 
r emova l , vent i l la t ion) are carried ou t a t a high level of mechaniza t ion compared 
wi th t h e old p ig - f a rms . 
A fur ther charac ter i s t ic of th i s large-scale sys t em of keeping is the more 
ra t iona l organizat ion of pork p roduc t ion realized in t h e close u n i t y of ges ta t ion , 
piglet rearing a n d f a t t en ing . In H u n g a r y a b o u t 300 large-scale p ig- farms h a v e 
been designed — a n d nearly all bu i l t —- so f a r w i th the r equ i remen t s of t h e 
a b o v e system of keep ing kept in view; in m o s t places the s tocking of these 
p ig- fa rms according t o the p lanned ro ta t ion has m e a n t a serious t a s k f r o m t h e 
beginning. 
Initially on ly t h e q u a n t i t a t i v e aspects of stocking were considered, 
n a m e l y , the p r o b l e m of how a suff ic ient n u m b e r of young sows could be 
ensured ; and in t h e absence of t h e necessary experiences and inves t iga t ions , 
t h e question of su i t ab i l i ty for closed pen keep ing of various breeds reared in 
H u n g a r y was a l m o s t completely le f t out of considerat ion. Meanwhile , in a 
n u m b e r of new p ig - f a rms ra the r un favourab le experiences have been ob ta ined 
concerning this f o r m of keeping b reed ing pigs, which can be br ie f ly summar ized 
in t h e following: 
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— in t h e s e x u a l l i f e of s o w s d i s o r d e r s f r e q u e n t l y o c c u r ( i n t e r m i t t e n c e 
of r u t t i n g , q u i e t r u t t i n g ) , 
— u n s a t i s f a c t o r y c o n c e p t i o n ( f r e q u e n t s t o p p a g e of h e a t ) , 
— d u e t o u n f a v o u r a b l e c o n d i t i o n s of c o n c e p t i o n a n d p r e g n a n c y t h e 
n u m b e r of s o w s f a r r o w i n g b u t a f e w p i g l e t s i n c r e a s e s w h e r e b y t h e a v e r a g e 
n u m b e r of p i g l e t s d e c r e a s e s , 
— l a c t i f i c a t i o n o f t e n d e c r e a s e s in s o w s , a n d f o r d i f f e r e n t r e a s o n s t h e 
d e a t h - r a t e of p i g l e t s i n c r e a s e s . 
T h e s e u n f a v o u r a b l e p h e n o m e n a , w h i c h — a f t e r a l l — s e r i o u s l y a f f e c t 
t h e p r o f i t a b i l i t y of t h e n e w p i g - f a r m s e s t a b l i s h e d a t h e a v y cos t s , i n d u c e d us t o 
c o m p a r e t h e b r e e d i n g p e r f o r m a n c e of t h e m o s t i m p o r t a n t H u n g a r i a n b r e e d s 
w i t h s o m e r e c e n t l y i m p o r t e d f o r e i g n b r e e d s . 
F o r t h i s w o r k e x c e l l e n t p o s s i b i l i t i e s w e r e o f f e r e d b y t h e m e a t — f yp« ' 
h y b r i d p ig b r e e d i n g a c t i v i t y of t h e H e r c e g h a l o m E x p e r i m e n t F a r m c a r r i e d 
on u n d e r t h e g u i d a n c e of t h e R e s e a r c h I n s t i t u t e f o r A n i m a l H u s b a n d r y . 
M a t e r i a l a n d M e t h o d 
The Bábolna-system pig-farm functioning with 720 sows since the end of 1968 in the 
Herceghalom Experiment Farm serves exclusively the purposes of the above-mentioned 
hybrid pig production. In this pig-farm the following breeds are kept under perfectly identical 
conditions: Hungarian Yorkshire, Swedish Yorkshire, Dutch Landrace, English Landrace, 
Belgian Pietrain and American Hampshire pigs. Of these breeds the Dutch Landrace, Pietrain 
and Hampshire pigs were directly imported. 
The Bábolna-system pig-farm is characterized by a completely closed, windowless 
keeping method. Each sow is kept during the period of heat and conceiving as well as in the 
course of pregnancy in a separate narrow pen, and also fed separately from a fixed trough. 
Sows transferred to the farrowing pen are placed between protecting rails until weaning. 
Piglets weaned when 28 days old are after-reared in the farrowing pen to the age of 
85 days, where, however, the pens are connected with a manure passage furnished with a 
slatted floor. 
During the whole time spent in the farrowing pen the piglets are allowed to consume 
granulated pig starter from the automatic feeders ad libitum. 
During the investigation the following data were registered: number and individual 
weight of piglets born alive, further, number and weight of piglets when 28 and 85 days old. 
The investigation consisted of the comparison of pure-bred with cross-bred farrowing in 
the above listed breeds. The effects of different factors (year, season, pen, number of farrowing) 
felt during the relatively long period of data collecting were eliminated by the aid of the Least 
Squares analysis, so the average values found in the Tables are no longer distorted by these 
effects. Nevertheless, in the case of imported breeds a possible negative effect of acclimatiza-
tion may have remained. 
The number of boars used for mating in the given period is presented in Table 1 sepa-
rately for each breed. 
R e s u l t s 
a ) P u r e - b r e d f a r r o w i n g . Of t h e 2 0 3 2 f a r r o w i n g s 8 8 4 w e r e p u r e - b r e d a n d 
1 1 4 8 c r o s s - b r e d . T h e d a t a of t h e p u r e - b r e d f a r r o w i n g s a r e s u m m e d u p in 
T a b l e 2 . 
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Table 1 
Number of hours per breed used for breeding during the period of the investigation 
Breed Number 
Hungarian Yorkshire 2 1 
Swedish Yorkshire 1 3 
Dutch Landrace 2 5 
English Landrace 1 6 
Pietrain 1 9 
Hampshire 1 8 
The da ta of t h e table reveal t ha t in the descr ibed closed sys tem of k e e p i n g 
the highest n u m b e r of piglets — 9.58 on a n average — were farrowed b y 
Hunga r i an Yorksh i re sows. T h e farrows of t h e Swedish Yorksh i r e and E n g l i s h 
Landrace breeds were 0.41—0.50 piglets less (4.3—-6.0 per cent) . They w e r e 
followed by the P ic t ra in sows wi th an a v e r a g e of 8.56 pigle ts which were as 
much as 1.02 piglets behind t h e Hungar ian Yorkshire sows (10.7 per c e n t ) . 
The Amer ican Hampsh i re and Dutch Landrace sows were the l a s t in 
order ; they only farrowed 8.24 and 8.21 piglets , respectively, t h a t is 1 .34—1.37 
piglets (14.0—14.4 per cent) less than the H u n g a r i a n Yorksh i re sows. 
Table 2 
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55 9.08 1.51 8.62 7.13 54 7.03 30.65 24.30 
Pietrain Pietrain 37 8.56 1.41 7.22 7.58 31 7.13 26.51 22.03 
Hampshire Hampshire 48 8.24 1.42 6.15 6.86 44 5.16 26.43 36.07 
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The b i r t h weight of t h e different b r e e d piglets r anged between 1.41 
and 1.51 kg . 
As m e n t i o n e d before, t h e piglets w e r e weaned when 28 days old; a t t h a t 
t ime the f a r r o w of the Eng l i sh Landrace breed was t h e largest w i t h 8.62 
piglets. As r ega rds the n u m b e r of p ig le ts raised the Hungar i an Y o r k s h i r e 
sows were in t h e second p lace with 8.19 piglets, fol lowed by the Swedish 
Yorkshire sows with 7.73 a n d the Pietrain sows with 7.22 piglets. 
In t h e D u t c h Landrace litters only 6 .84 and in t h e Hampshire f a r r o w s 
6.15 piglets w e r e left by t h e 2 8 t h day. 
Loss u n t i l the age of 28 days r a n g e d between 5.1 and 16.7 pe r cen t . 
The lowest r a t e of loss was f o u n d in the E n g l i s h Landrace l i t t e r s and the highesl 
in the D u t c h Landrace l i t t e r s . In the H u n g a r i a n Yorksh i re breed t h e ra i s ing 
loss of p igle ts was 14.5 per c e n t . 
Di f fe rences in growth r a t e between t h e breeds were manifest in a n inter-
esting w a y in the weights of piglets a t t h e age of 28 d a y s . By tha t t i m e the 
highest w e i g h t — 7.58 kg — was a t t a i n e d by Pie t ra in piglets. T h e y were 
followed b y t h e English Landrace , D u t c h Landrace a n d Swedish Y o r k s h i r e 
piglets wi th 0.45—0.52 kg (6.0—6.9 per c e n t ) lower weights . The lowest we igh t 
a t the age of 28 days — 6.86 kg — was shown by the Hungar ian Y o r k s h i r e 
and H a m p s h i r e piglets, w h i c h was 0.72 k g (9.5 per cent) less than t h e weight 
of the P i e t r a i n piglets. 
At t h e end of 57 d a y s of post-raising in the f a r rowing pen t h e la rges t 
number of p ig le ts was f o u n d in the Swed i sh Yorkshire a n d Hungar ian Y o r k -
shire breeds (7.39 and 7.32 respectively). T h e y were fol lowed by the P i e t r a i n 
and English Landrace b reeds with 7.13 a n d 7.03 piglets, respectively, t h e n by 
the Dutch L a n d r a c e breed w i t h 6.18 a n d Hampshi re b r e e d with 5.16 p ig le ts . 
These d a t a show t h a t the di f ferences in fert i l i ty between t h e b reeds 
could be seen a t the age of 85 days as well — though in a decreasing m e a s u r e . 
The ra i s ing loss p rac t ica l ly did n o t change f rom t h e first to t h e 85th 
day in t h e Hungar ian Yorkshire , Swed i sh Yorkshire and Pietrain l i t te rs 
(21.78—22,60 per cent), whi le in the D u t c h and Engl ish Landrace b r e e d in-
creased f r o m 24.0 to 24.3 p e r cent. A r e m a r k a b l y high loss — 36.07 per c e n t — 
occurred, on t h e other h a n d , amongst t h e Hampsh i re p ig le ts . 
b) Cross-bred fa r rowing. Table 3 p r e s e n t s data on t h e cross-bred f a r rowings 
of sows of d i f fe ren t breeds (1148 piglets) . As seen f r o m t h e table cross-bred 
piglets were obtained f r o m sows belonging to five d i f fe ren t breeds. 
The H u n g a r i a n Yorksh i r e sows w e r e mated w i th hoars f rom all f ive 
breeds i n c l u d e d in the expe r imen t . As a response to th is t h e number of piglets 
conceived f r o m Dutch L a n d r a c e and P i e t r a i n hoars increased by 0 .19—0.37 
(1.9—3.8 p e r cent), while t h a t of piglets originating f r o m Swedish Yorksh i r e , 
English L a n d r a c e and H a m p s h i r e hoars d id not prac t ica l ly change. 
A f t e r 28 days of suck ing the n u m b e r of piglets was generally s imilar 
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to t h a t in t h e pure-bred litters, only t h e piglets of t h e Pietrain a n d Dutch 
Landrace cross-breed remained 0 .29—0.34 more. However , the we igh t s of 
piglets a t t h a t age in all cases of c ross ing surpassed t h e weight of t h e pure-
bred H u n g a r i a n Yorkshi re pigs. The h ighes t difference was 0.39 kg (5.6 p e r cent) 
in f a v o u r of the English Landrace cross ing . 
B y t h e end of t h e 85 days a f t e r - ra i s ing more piglets were l e f t in the 
l i t ters t h a n in the pu re -b red litters in all cases excep t when cross-breeding 
was p e r f o r m e d with Swedish Yorkshi re boars . The g rea t e s t difference — 0.63 
piglets (8.6 per cent) — was found in t h e case of cross-breeding wi th Pie t ra in 
hoars, whi le cross-breeding performed wi th English a n d Dutch L a n d r a c e , as 
well as w i t h Hampsh i re boars r e su l t ed in a 0.25—0.42 (3.4—5.7 p e r cent) 
piglet su rp lus . 
A t t h e age of 85 d a y s the weights of piglets born f r o m crossing exceeded 
in every case the weights of the p u r e - b r e d Hungar i an Yorkshire p ig le t s ; in 
the case of the Hampsh i r e , Dutch L a n d r a c e and Eng l i sh Landrace crosses 
the d i f fe rence was 2 .34—3.83 kg (8 .3—13.6 per cent ) , while in t h e Swedish 
Yorkshire a n d Pietrain crosses only 0.27—0.37 kg (0.9—1.3 per cent) . 
As a result of cross-breeding t h e raising loss decreased in all cases unti l 
85 days of age. Hav ing m a t e d with Swedish Yorkshire , Hampshi re a n d Pie-
t ra in hoa r s the Dutch Landrace sows fa r rowed 0.64—1.37 more piglets (7.7— 
—16.6 p e r cent) than in pure-bred fa r rowing , and only mat ing w i th English 
Landrace boars did no t resul t in more piglets. 
T h e n u m b e r of Swedish Yorkshi re , Pietrain a n d Hampshi re cross-bred 
piglets ra i sed by the D u t c h Landrace sows until the age of 28 days w a s 0.67— 
—0.79 (9.7—10.8 per cen t ) higher t h a n t h a t of the pure -bred p rogeny , while 
their Eng l i sh Landrace cross-bred p ig le ts were 0.15 fewer in n u m b e r (2.2 per 
cent) w h e n reaching t h a t age. 
As t o t h e weight of piglets a t t h e age of 28 d a y s , while the we igh t of 
Swedish Yorkshi re cross-bred piglets f a r rowed by D u t c h Landrace sows was 
0.25 kg (2.9 per cent) lower than tha t of t h e pure-bred D u t c h Landrace piglets, 
the we igh t of piglets or iginat ing f r o m t h e other crossings exceeded it by 
0.10—0.28 kg (1.4—3.9 pe r cent). 
A t t h e age of 85 d a y s the n u m b e r of piglets showed the earlier developed 
t rends , t h a t is, the Swedish Yorkshire , Hampshire a n d Pietrain cross-bred 
piglets of D u t c h Landrace sows were 1.01—1.95 more in number (16.3—31.5 
per cent) t h a n the pu re -b red Dutch L a n d r a c e piglets. T h e number of Dutch 
Landrace X English L a n d r a c e piglets, on the o ther h a n d , was p rac t ica l ly 
the same as t ha t of t h e pure-bred p ig le ts . 
T h e individual weight of piglets a t the age of 85 days showed — with 
the excep t ion of the Swedish Yorkshi re — the super ior i ty of the cross-bred 
piglets. Cross-breeding wi th P ie t ra in , Hampshire a n d English L a n d r a c e 
breeds resu l ted in a d i f ference of 0 .43—1.05 kg (1 .3—3.3 per cen t ) , while 
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Table 3 
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103 9.43 1.44 7.96 7.25 103 7.57 31.98 19.17 
Hungarian 
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Pietrain 100 9.95 1.42 8.53 6.94 100 7.95 28.42 20.32 
Hungarian 
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Dutch 
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Dutch 
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12 8.93 1.59 7.99 6.83 10 7.79 30.15 16.08 
English 
Landrace 
Pietrain 47 9.32 1.44 7.89 7.11 45 7.60 31.75 22.26 
English 
Landrace 
Hampshire 46 9.07 1.53 7.83 7.38 46 7.29 33.42 19.60 
Pictrain English 
Landrace 
26 9.74 1.42 8.76 7.06 26 8.38 30.74 16.54 
Pietrain Hampshire 50 8.51 1.50 7.21 7.25 50 6.76 29.73 20,39 
Hampshire Swedish 
Yorkshire 
20 8.29 1.41 6.42 7.10 20 6.25 29.86 24.45 
Hampshire English 
Landrace 
19 8.53 1.52 7.14 7.13 19 6.81 30.42 19.67 
Hampshire Pietrain 23 8.63 1.41 7.08 6.83 23 6.79 28.86 23.47 
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t h e weight of Swedish Yorksh i re cross-bred piglets was 0.84 kg (2.7 per c e n t ) 
lower than t h a t of the Du tch Landrace p ig le t s . 
Cross-breeding great ly improved t h e rais ing pe rcen tage of the D u t c h 
Landrace sows. The only excep t ion was t h e crossing wi th English L a n d r a c e 
boar s where t h e raising loss exceeded the piglet loss reg is te red in pu re -b red 
D u t c h L a n d r a c e farrowing b y 1.31 per c e n t . I n the other cases the s i t u a t i o n 
was 4.41—7.40 per cent more favourable . 
When crossed the Eng l i sh Landrace sows usually did not farrow m o r e 
piglets than in pure-bred f a r rowing , in one case (after D u t c h Landrace boa r s ) 
even farrowed 0.46 (5.1 per c e n t ) less. 
The Engl i sh Landrace sows, when crossed with boars of various b r e e d s 
weaned less piglets af ter 28 days of suckl ing t h a n in t h e case of pu re -b red 
fa r rowing. The difference r a n g e d between 0 .63 and 1.38 in n u m b e r (7.4—16.1 
per cent). 
The weight of piglets f r o m English L a n d r a c e sows crossed with Swedish 
Yorkshire , D u t c h Landrace a n d Pietrain b o a r s , respect ively, was prac t ica l ly 
t h e same a t t h e age of 28 d a y s as that of t h e pure-bred Engl ish L a n d r a c e 
piglets, while piglets or iginat ing from H u n g a r i a n Yorkshire boa r s were 0.30 k g 
(4.2 per cent) l ighter , and t h o s e from H a m p s h i r e hoars 0.25 kg (3.5 per c e n t ) 
heavier . 
Of the cross-bred piglets of English L a n d r a c e sows f e w e r died b e t w e e n 
28 and 85 d a y s of age t han of t h e pure-bred l i t ters , so w i th t h e exception of 
crossing wi th D u t c h Landrace boars the cross-bred popula t ion was 0.26—0.76 
piglets (3.7—10.8 per cent) h igher . Far rows of Dutch L a n d r a c e cross w e r e 
0.45 piglets (6.4 per cent) f ewer . 
Weights recorded at t h e age of 85 days were — with a single exception — 
higher with t h e cross-bred p ig le ts than in t h e case of t h e pure-bred Eng l i sh 
Landrace piglets . The difference was 0.86—2.77 kg (2.8—9.0 p e r cent) in f a v o u r 
of cross-bred piglets or ig ina t ing from D u t c h Landrace, P ie t ra in , Swedish 
Yorkshire and Hampshi re b o a r s . On the o t h e r hand, t h e weight of p ig le ts 
of English L a n d r a c e X H u n g a r i a n Yorkshire was 0.5 kg (1.7 per cent) l ower . 
During t h e period of inves t igat ion — f r o m birth t o 85 days of age — 
of the cross-bred piglets of Engl i sh Landrace sows or ig ina t ing from Swedish 
Yorkshire , H u n g a r i a n Yorksh i re , Pietrain a n d Hampshi re boars 2.04—8.22 
p e r cent more could be ra ised t h a n f rom t h e pure-bred Engl i sh L a n d r a c e 
piglets , and it was only t h e piglets of Eng l i sh Landrace X D u t c h L a n d r a c e 
t h a t perished a t a 2.47 higher r a t e . 
For reasons not to be discussed here, t h e Pietrain sows were only crossed 
w i th English Landrace and H a m p s h i r e boars . I n the fo rmer case the n u m b e r 
of piglets born was 1.18 (13.7 per cent) m o r e t han , while in the lat ter case 
pract ical ly t h e same as in t h e pure-bred P i e t r a i n litters. W h e n weaning, t h e 
Engl ish L a n d r a c e cross-bred l i t te rs were invar iab ly larger in number ( b y 
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1.54 piglets, 21.3 per cent ) , b u t their w e i g h t was 0.52 kg (6.3 per cent) lower 
t han t h a t of t h e Pietrain p igle ts . In P i e t r a i n X H a m p s h i r e crosses the n u m b e r 
of piglets w h e n weaned was t h e same as in the Pie t ra in l i t ters , but t h e aver-
age weight of the piglets was found to be 0.33 kg (4.1 pe r cent) lower. 
At t h e age of 85 days t h e number of piglets f r o m Pie t ra in sows crossed 
with Engl ish Landrace boa r s was 1.25 (17.5 per cent) h igher , and f r o m those 
crossed wi th Hampshi re boa r s 0.37 (5.3 pe r cent) lower t h a n in t h e case of 
pure-breeding. The weights of cross-bred piglets exceeded t h a t of the P i e t r a i n 
piglets by 3.55 and 4.23 k g respectively (12.6 and 15.9 p e r cent). 
The rais ing loss showed in both cases of crossing m o r e favourable t r e n d s 
compared to the pure-bred Pietrain pigle ts (being 5.49 lower in n u m b e r and 
1.64 in percentage) . 
F ina l ly , when e x a m i n i n g the crossed farrowings of Hampshi re sows we 
found t h a t they produced 0.29 and 0.39 more piglets (3.5 and 4.7 p e r cent , 
respect ively) when crossed wi th English Landrace a n d Pie t ra in boars , while 
t h e n u m b e r of piglets o r ig ina t ing from Swedish Yorkshire boars was essent ia l ly 
the same as t h a t of the pu re -b red piglets. 
At t h e age of 28 days t h e number of piglets f rom all three crossings was 
0.27—0.99 higher (4.3—16.1 per cent), a n d their weights — with the excep t ion 
of the P i e t r a in cross — exceeded the weight of t h e Hampsh i re p ig le t s by 
0.24—0.27 kg (3.5—3.9 p e r cent) . 
At t h e end of the a f te r - ra is ing t h e cross-bred p r o g e n y of the H a m p s h i r e 
sows was 1.09—1.65 piglets (21.1—31.9 p e r cent) larger a n d at the s a m e t ime 
the weight of the piglets exceeded t h e weight of t h e Hampsh i re p ig le t s by 
2.43—399 kg (9.1—15.1 p e r cent). 
As a response to cross-breeding, in t h e progeny of t h e Hampshi re sows 
the raising loss decreased b y 11.61—16.40 per cent. 
Discussion 
The resul ts of the compara t i ve s tud i e s clearly show t h a t in the described 
industr ia l l ike system of keep ing the f e r t i l i t y of sows and their abil i ty t o raise 
the piglets show dif ferent t r ends compared to the capac i t ies inherent in the 
breeds. These differences were par t icu la r ly remarkable in pure-bred f a r rowing 
which suggests tha t the d i f fe ren t degree sensitiveness of breeds to t h e closed 
system of keeping must be reckoned w i t h . 
In t h e compara t ive s t u d y this f a c t was most character is t ica l ly proved 
by the D u t c h and Engl i sh Landrace , a n d Swedish Yorkshire sows xvhose 
excellent fer t i l i ty was general ly known. A t the same t i m e , according t o the 
da ta of herd-books the H u n g a r i a n Yorksh i re sows are infer ior in fer t i l i ty t o the 
former breeds . Nevertheless , a t the site of t h e inves t iga t ion , where the b reed ing 
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stock was kep t in an ex t r eme ly closed sys t em, the H u n g a r i a n Yorkshi re sows 
proved to be superior t o t h e Landrace breeds both in fe r t i l i ty and ab i l i t y to 
raise t h e piglets. 
F r o m the point of v iew of developing pig keeping in Hungary t h i s fac t 
is u n d o u b t e d l y reassuring, all the more so as it is in this b r e e d t ha t the q u a n t i t y 
of young sows is suff ic ient t o satisfy t h e demands of t h e la rge number of newly 
established industr ia l p ig- farms. This means , however , t h a t when p l ann ing 
the keeping technology of t h e pig-farms t h e r equ i remen t s , sensi t ivi ty of the 
stock to be placed t he re m u s t increasingly be t aken in considerat ion in the 
fu ture . Th i s is even more impor t an t in developing t h e o p t i m u m keep ing con-
ditions of t h e different breeds . 
Of t h e breeds inc luded in the s t u d y the H a m p s h i r e sows ra ised the i r 
progenies wi th ex t remely great losses (36.07 per cen t ) . This could n o t be 
explained dur ing the inves t igat ion b e y o n d any shadow of doubt . Some role 
may h a v e been played in it b y the fac t t h a t t h e sows h a d been directly i m p o r t e d 
and were no t suff ic ient ly accl imatized y e t . This seems all the more p r o b a b l e 
because t h e system of keeping the b reed ing stock (in pens with r u n w a y s ) in 
the Un i t ed Sta tes grea t ly differs f rom t h a t used at the s i te of the inves t iga t ion . 
B e y o n d wha t h a v e been told so f a r it can be es tabl i shed as a f a c t t h a t 
in p ig- farms with a closed system of keep ing pure b r eed in g is not a p r o f i t a b l e 
method of commodi ty p roduc t ion due to rais ing losses be ing ra ther considerable 
in all b reeds . This is conf i rmed by the resul t s of examina t ions concerning single 
crosses. 
On t h e basis of 19 crossing combina t ions of the f i v e breeds t h e fe r t i l i ty 
and piglet raising abi l i ty of sows showed t h e following t r e n d s : 
— Compared to pure -b red fa r rowing ferti l i ty i m p r o v e d in 9 cases , did 
not change in 6 cases a n d decreased in 4 cases. 
— B y t h e end of t h e af ter- ra is ing period (85 d a y s of age) the n u m b e r 
of piglets per sow was h igher in 15 cases, did not c h a n g e in 2 cases a n d was 
lower in 2 cases. 
—• A t the age of 85 days the ave rage weight was h igher in 17 cases and 
lower in 2 cases. 
— T h e raising loss f r o m bir th to 85 days of age decreased in 17 cases 
and increased in 2 cases. 
These da ta general ly show the f avou rab l e effect of single crosses on all 
pe r formances f u n d a m e n t a l l y affect ing t h e prof i tab i l i ty of piglet ra is ing. But 
within th i s various combina t ions showed subs tan t ia l differences f r o m which 
some in te res t ing conclusions can be d r a w n : 
— A general i m p r o v e m e n t as a resu l t of crossing was remarkable especialy 
in those breeds (Du tch Landrace , P i e t r a in , Hampsh i r e ) whose pure -b red 
farrows were un favourab l e . This suggests t h a t in the case of these b reeds even 
the fe r t i l i ty of the sows was highly adverse ly in f luenced by the s y s t e m of 
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keeping, so t h e beneficial e f f ec t of cross-breeding on v iab i l i t y was more con-
spicuous t h a n in the other b r e e d s . 
— In t h e case of the H u n g a r i a n Yorksh i re sows it was t h e growth r a t e 
a n d viabili ty of the progeny t h a t improved in the f i rs t p l ace as a resul t of 
crossing. The s a m e applies t o t h e piglets of Engl ish L a n d r a c e sows. 
— Cross-breeding had t h e most consequen t inf luence on the fe r t i l i ty 
of various b r e e d sows and on t h e growth r a t e and viabi l i ty of their progenies 
when carried o u t with P ie t ra in boars . In this case the fer t i l i ty of sows increased 
b y 2.6—16.6 p e r cent, a 8 .1—31.5 per cen t higher p ropor t i on of cross-bred 
piglets reached t h e age of 85 days , and t h e i r average w e i g h t exceeded t h e 
weight of p u r e - b r e d piglets b y 1.3—9.1 per cen t . I t must b e noted , however , 
t h a t the piglets of Hungar ian Yorkshi re , D u t c h Landrace a n d English L a n d r a c e 
sows or ig inat ing from Pie t ra in boars were on ly 1.3—3.5 per cen t heavier t h a n 
t h e pure-bred piglets of the a b o v e breeds a t t h e age of 85 d a y s . 
Di f fe rence in type b e t w e e n the b r e e d s providing sires for crossing 
were in a n u m b e r of cases c l ea r ly expressed in the growth r a t e of the p rogeny . 
E . g. the p ig le t s of Hunga r i an Yorkshire X Piet ra in only reached a we igh t 
of 28.42 kg b y t h e age of 85 d a y s , while those of Hungar ian Yorksh i re X D u t c h 
Landrace and of Hungar ian Y o r k s h i r e X Eng l i sh Landrace 30.61 and 31.98 kg , 
respectively. T h e same t e n d e n c y could be f o u n d in the cor responding crosses 
of Dutch L a n d r a c e and H a m p s h i r e sows. 
No f a v o u r a b l e effect w a s found to h a v e resulted f r o m the reciprocal 
crossing of t h e Du tch and Eng l i sh Landrace breeds. This can he expla ined 
p a r t l y by t h e common origin, p a r t l y by t h e mu tua l u t i l iza t ion of improv ing 
components in t h e breeding w o r k which has resul ted in the r a t h e r similar gene 
complement of t h e Landrace b reeds . 
— Dur ing t h e inves t igat ion some clear mani fes ta t ions of heterosis could 
b e observed, t o o . The best e x a m p l e s of th is were provided b y the crosses of 
t h e English L a n d r a c e and P i e t r a i n breeds (Tab le 4). In l i t te rs originating f r o m 
reciprocal c ross ing the n u m b e r of piglets b o t h when born a n d a t the age of 85 
d a y s exceeded t h e piglet n u m b e r s of pure -bred English L a n d r a c e and P ie t r a in 
l i t ters alike. S imi la r trends w e r e shown by t h e weight of piglets at t he age 
of 85 days. 
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Table 4 
Number of piglets per litter and weight of piglets 
B r e e d N u m b e r of piglets per l i t t e r 
Sow Boar when b o r n 
a t t h e a g e of 
28 days 85 d a y s 
English Landrace Engl i sh Landrace 9.08 8.62 7.03 
English Landrace P ie t r a in 9.32 7.89 7.60 
Pietrain Engl i sh Landrace 9.74 8.76 8.38 
Pietrain P ie t r a in 8.56 7.32 7.13 
Breed W e i g h t of piglets, k g 
Sow- Boar when b o r n 
a t t h e age of 
28 days 85 d a y s 
English L a n d r a c e Engl i sh Landrace 1.51 7.13 30.65 
English Landrace P ie t r a in 1.44 7.11 31.75 
Pietrain Engl i sh Landrace 1.42 7.06 30.74 
Pietrain P ie t r a in 1.41 7.58 26.51 
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SPONTANEOUS DIPLOIDIZATION IN HAPLOID 
NICOTIANA SILVESTRIS SPEG. ET COMES 
By 
L . SZILÁGYI 
RESEARCH I N S T I T U T E FOR BOTANY OF T H E HUNGARIAN ACADEMY OF SCIENCES, GROUP OF 
MICROEVOLUTION B U D A P E S T 
Cytological examinations were performed on haploid N. silvestris plants obtained 
by another cu l tu re and on their seed progenies. The haploid plants — unlike the diploid 
ones—have na r row leaves and small flowers. In the i r somatic cells 12 chromosomes, 
and in meiosis beside the un iva len ts the fo rmat ion of maximum 1 2 bivalents was 
observed. In a few cases, however, diploid cells w i t h 12 bivalents were also found. Of 
the diversified anaphase chromosome distributions only the gametes with 12 chromo-
somes are p robab ly viable. The pollen fertility of haploid plants was relatively high, 
16.7 per cent , suggesting a large number of unreduced pollen grains. Secondary uni-
valent associations (6 pairs of univalents) f requent ly observed in the f i rs t metaphase 
of haploid N. silvestris plants suggest tha t the basic number of the Nicotiana genus is 6. 
Introduct ion 
According t o t h e evidence of many exper imen ta l d a t a (GERSTEL— 
PHILLIPS 1958) t h e basic ch romosome n u m b e r of the Nicotiana genus was 
original ly X = 6. 
However, in t h e Nicotiana species exis t ing today the lowest known 
haplo id chromosome numbers a r e n = 9, n = 10 and n = 12, so Nicotiana 
silvestris (n = 12) is, in fact , a diploid species. 
In 1943 Kos to f f described t h e androgenic hap lo id of N. silvestris obta ined 
b y crossing N. tabacum X N. silvestris with N. silvestris. In t h e somatic cells 
of haploid plants s tud ied by h im 12 chromosomes were f o u n d . The n u m b e r 
of b ivalents in t h e pollen m o t h e r cells was 1—3. The haploid p lan t s showed 
a 10—12 per cent pollen fer t i l i ty . I n his exper iments Kostoff obta ined seeds 
f rom haploid N. silvestris p l an t s and raised progenies f r o m them. P lan t s 
t h u s raised were mos t ly diploid t h o u g h haploid and diploid t r isomie p lan ts 
occurred as well. 
Recently n u m e r o u s haploide were ob ta ined from var ious p lants by 
a n t h e r culture (SUNDERLAND 1970, HESZKY PAÁL 1972). In an earlier paper 
we gave account of a N. tabacum L. cv. " P e t i t H a v a n a " (n = 24) haploid 
p roduced and ra ised by an the r cul ture (MALIGA—SZILÁGYI 1973). In the 
meiosis of the hap lo id N. tabacum the deve lopmen t of 0—8 bivalents was 
observed which can be explained b y the polyploid origin of t h e species. 
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T h e present pape r deals wi th t h e cytology of haploid N. silvestris and 
its progenies produced by an the r cu l ture , since t h e cytological analys is of 
haploide and their progenies is expec ted to give f u r t h e r in fo rmat ion on the 
basic chromosome n u m b e r of Nicotiana. 
Material and Method 
The haploid p lan ts were produced in a n t h e r culture by t he method of NITSCH-NITSCH 
(1969) (MALIGA SZILÁGYI 1973). Dur ing t h e invest igat ions on t he mitosis t he roo t t ips of 
e x p e r i m e n t a l p lan ts were f ixed in F a r m e r solut ion (abs. alcohol, acet ic acid 3 : 1), t h e n washed 
in 70 per cent e thanol and s ta ined wi th t h e usua l aceto carmin technique . In t he meiosis ex-
a m i n a t i o n s in most cases a quick s taining m e t h o d was used: the prepared an the r s were placed 
on a slide and smashed in a drop of ca rmin . We concluded on t he ex ten t of pollen fer t i l i ty on 
the basis of the ra t io of s ta ined to u n s t a i n e d empty-pol lens ( f rom 3000 pollen grains), and 
checked t he result t hus ob ta ined in a pollen germina t ion exper iment (in a hanging d r o p of 5 per 
cen t saccharose and 0.1 per cent boric acid solut ion a t room t empera tu re ) . 
The microphotos were t aken of f resh p repara t ions using an MF Zeiss a p p a r a t u s set up 
on a Zeiss Nfpk2 research microscope. 
Results 
1. Cytological investigation of haploid N. silvestris. Seven hap lo id N. sil-
vestris p lan t s were raised up to the s tage of f lowering. The plants were morpho-
logically un i form, had narrow leaves and small f lowers unlike diploids. In 
each of the 121 examined somat ic cells of haploid N. silvestris 12 chromosomes 
were f o u n d (Fig. 1). 
T h e meiosis of monoploide is usual ly i rregular , since only one genom is 
p r e s e n t in t h e m . Fo r lack of homologous chromosomes un iva len t s develop 
(Figs 2, 3). 
In some cases b ivalents m a y also occur (Table 1, Fig. 4), suggest ing the 
ex is tence of homologous chromosome segments . The f requency of b iva len ts is 
low; of the 56 pollen mother cells examined in th ree cells one, in two cells 
two b iva len ts were found ; there were , in addi t ion, t h r ee diploid cells with 12 
b iva l en t s each among them. 
Table 1 
Number of bivalents in the first metaphase of haploid N. silvestris 
N u m b e r of bivalents 0 l 2 3 4 5 6 7 8 9 10 11 12 Total 
N u m b e r of PMC 48 3 2 3 56 
Per cent 85.6 5.3 3.5 5.3 100 
In the f i rs t anaphase the mos t f requent d i s t r ibu t ion of chromosomes is 
5 - | - 7 a n d 6 + 6 (Figs 5, 6), f rom these sterile gametes develop, b u t even a 0 + 1 2 
d i s t r ibu t ion occurs a t a re la t ively high f requency (Table 2, Fig. 7). 
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Fig. 1. Mitosis of haploid N. silvestris (n = 12) ( X 1000) 
Figs 2,3. Meiosis of haploid N. silvestris (d iak ines is with 12 un iva len t s ) ( x 1000) 
Fig. 4. Late m e t a p h a s e with one s epa ra t i ng b iva lent (xlOOO) 
Figs 5,6,7. The first a n a p h a s e with va r ious chromosome d i s t r ibu t ions (XlOOO) 
Fig. 8. Po l lens of haploid N. silvestris ( X 400) 
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Fig. 9. Mitosis of p rogenies of haploid N. silvestris (2n = 24) ( x 1000) 
Fig. 10. Pollens of a progeny of hap lo id N. silvestris ( X 400) 
Fig. 11. Meiosis of a diploid progeny in t he f i r s t metaphase (n = 12) (xlOOO) 
Fig. 12. T h e same in the f i r s t anaphase with r egu l a r (12 12) d i s t r ibu t ion ( X 1000) 
Table 2 
Distribution of chromosomes of haploid N. silvestris in the first anaphase 
Dis t r ibu t ion 0 + 12 i l + l 10 + 2 9 + 3 8 + 4 7 + 5 6 : 6 T o t a l 
of c h r o m o s o m e s 
Number of cells 4 4 4 11 11 23 16 73 
Per cent 5.47 5.47 5.47 15.07 15.07 31.5 21.87 100 
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In the course of the inves t igat ion of meiosis the occur rence of n o r m a l 
t e t r a d s , t r iads a n d dyads was f o u n d t o b e 5.7, 16.3 and 73.7 pe r cent, respec-
t i ve ly . In m a n y cases the deve lopmen t of micronuclei was also observed. 
The hap lo id plants showed a 16.7 per cen t pollen f e r t i l i t y (pointed o u t 
b y staining) (F ig . 8). In the pol len germina t ion exper iment carr ied out in a 
hang ing drop on ly the large pollen grains (supposedly con ta in ing 12 chromo-
somes) ge rmina t ed . 
From t h e p lants m a r k e d SHR and S H 9 seed could be obta ined a f t e r 
self-poll inat ion. Generally 2500—4000 seeds deve lop in the capsu le of the diploid 
N. silvestris. T h e capsules of ou r haploid expe r imen ta l p lan ts conta ined 15—20 
viable seeds e a c h . 
2. Morphological and cytological analysis of haploid N. silvestris progenies. 
In our expe r imen t s the seeds o b t a i n e d from t h e SH 8 and SH 9 p l a n t s ge rmina ted 
well, bu t the seedlings were v e r y difficult t o raise. The seedlings raised f r o m 
t h e seeds of t h e haploid plant were ve ry weak compared with t h e diploid seedlings, 
a n d af te r an occurence of Peronospora tabacina only five p l a n t s remained f r o m 
t h e twen ty seedlings, while of t h e similar age diploid seedlings not a single 
one died. F u r t h e r m o r e , their vege ta t ion per iod was three weeks longer t h a n 
t h a t of the p l a n t s developed f r o m the seeds of diploid p l an t s . The progenies 
of t h e haploid p l a n t s were morphological ly s imi la r to the diploid control p l a n t s , 
b u t somewhat shor te r . 
In the s o m a t i c cells of t h e progenies 24 chromosomes were found (Fig. 9) . 
Meiosis was r e g u l a r : with 12 b iva len t s in t h e f i r s t metaphase (Fig. 11); in t h e 
f i r s t anaphase t h e dis tr ibut ion of the chromosomes was 12—12 in each case 
(Fig . 12). Pollen fer t i l i ty was 99.5 per cent (Fig . 10) with full seed set t ing. 
Thus, d ip loid progenies were obtained f r o m the haploid N. silvestris. 
Discussion 
Within t h e Nicotiana genus numerous androgenic haploide have a l r eady 
been p roduced : N. tabacum (CLAUSEN 1924; GOODSPEED 1954), N. glutinosa 
(GOODSPEED 1 9 5 4 ) , N. langsdorffii (KOSTOFF 1943) , N. silvestris (KOSTOFF 
1943). According to GOODSPEED t h e self-poll ination or crossing wi th diploids 
of the haploid N. glutinosa d id no t result in seed p roduc t ion ; the hap lo id 
N. tabacum was similarly t o t a l l y sterile, b u t in the haploid N. silvestris 5 pe r 
cen t fertile pol len was found. 
As seen f r o m Table 1 in t h e meiosis of t h e haploid con t a in ing 12 chromo-
somes 1—2 b iva l en t s only r a r e ly occur, which suggests t h a t even if the p re sen t 
basic chromosome number — 12 — were of polyploid origin (6-}-6), on t h e 
basis of ch romosome homology ha rd ly any t r a c e of this is l e f t . In the case of 
alloploid origin, again, more b iva len ts would be expected a f t e r the meiosis 
of diploid Nicotiana interspecif ic hybrids (SZILÁGYI 1970); a t t h e same t i m e 
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secondary associations be tween the un iva len t s (Fig. 3) suggest a s t r u c t u r a l 
likeness of chromosomes which may be re la ted w i th t h e polyploid origin of 
the p re sen t basic n u m b e r n = 12. Th i s seems to be suppor ted by t h e fac t 
t h a t t h e anc ient basic n u m b e r of Angiospermae was X = 7 (RAVEN—KYHOS 
1965), f r o m which an x = 6 basic n u m b e r m a y easily b e derived. 
Of t h e chromosome dis t r ibut ions (Table 2) g a m e t e s with 12 chromo-
somes are viable and m a y produce progenies with 24 chromosomes which geneti-
cally will be pure homozygo te diploids. In theory haplo ids with 6 + 6 = 12 
chromosomes may also b e produced t h r o u g h a genera t ive proccss. 
In meiosis we f o u n d dyads in a f a i r ly high pe rcen tage . This shows again 
t h a t v iab le gametes w i t h 12 chromosomes may be f o r m e d , and t h e haploid 
Mill have diploid progenies as proved in our exper imen t s . This was ind ica ted 
by the r a t h e r high pollen fer t i l i ty of hap lo id p lants . 
The meiotic course of the embryo sac was not e x a m i n e d , but it is p robab le 
t ha t un reduced gametes occur here t o o , a t least in t h e same p ropor t i on or 
even more f requen t ly , so t h e product ion of diploid progenies with 2n (12 + 1 2 = 
= 24) chromosome n u m b e r is possible. 
A m o n g the diploid progenies of haploid p lan t s aneuploid p l a n t s may 
occur; the i r fo rmat ion c a n par t ly be expla ined b y t h e conjugat ion of non-
homologous chromosomes and chromosome segments . A t the same t i m e it is 
possible t h a t gametes w i t h 11 and 13 chromosomes, respectively, m a y also 
produce aneuploid progenies . 
This f ac t is k n o w n in the l i t e ra tu re . So among t h e progenies of haplo id 
Datura 384 diploid and 12 t r isomie p lan ts were found (BLAICESLEE et al., 1927) and 
among those of haploid Oenothera franciscana 711 diploids and 29 haplo ids 
( D A V I S — K U L K A R N I 1 9 3 0 ) . 
T h e appearance of haploid (and aneuploid) progenies was e x p e c t e d in 
our exper iments , too. Th i s is made possible b y the 6 + 6 chromosome dis t r ibu-
tion (with op t imum chromosome composi t ion) . 
I t is probable t h a t among the progenies of t h e haploid p lant t h e ones 
t h a t died were haploid or aneuploid p l a n t s , and only t h e diploids su rv ived . 
S u m m i n g up t h e resu l t s we can es tabl ish t h a t in a n t h e r cultures N. syl-
vestris p l a n t s with 12 chromosomes can be p roduced as well. The possible 
polyploid origin of t h e chromosome n u m b e r 12— as shown in their meios i s -
is unce r t a in . True b iva l en t s hardly occur , and only t h e secondary associat ions 
suggest t h e supposed exis tence of genoms with 6 chromosomes. On accoun t 
of its f r e q u e n t l y occur r ing unreduced gametes t h e " h a p l o i d " N. silvestris 
(12 chromosomes) p r o d u c e d progenies w i th a ch romosome number 2 n = 24. 
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IN VITRO CULTURE OF OVARIES OF RUBUS SPECIES 
By 
J . M . ZATYKÓ, I . SIMON 
H O R T I C U L T U R A L R E S E A R C H I N S T I T U T E , F E R T Ő D 
Ovaries excised f r o m flower buds of the raspberry va r i e ty Mailing Promise 
(Rubus idaeus L.) and of Rubus caesius L. before fertilization were grown on Miller and 
Nitsch cul ture media as well as on their combinat ions. The largest ovaries were ob ta ined 
with the culture medium Ni tsch IAA 2 p p m . due mainly to the intensive cal lus 
format ion occurring on th is cul ture medium, however the size and colour of the f r u i t s 
did not a t t a in the level of those (druplets) developing under na tu ra l conditions. The 
f rui ts did not contain viable embryos, i.e. they proved to be parthenocarpic. On the 
Nitsch + IAA 0,1 pprn cu l ture , however, a medium shell f o r m a t i o n of the seeds was 
observed af ter two months . F rom more developed ovaries excised from larger f lower 
buds larger frui ts were f o r m e d . On a Nitsch -f- IAA culture med ium of 0.1 ppm some 
R. caesius ovaries survived for a year wi thout inoculation. This surprising phenomenon 
calls a t t en t ion to the possibly high importance of providing sterile conditions w h e n 
storing fresh fruits. 
In t roduc t ion 
T h e f i r s t successful o v a r y cul ture is c o n n e c t e d with t h e n a m e of La R u e 
(LA RUE 1942.). T h e m e t h o d of cu l tur ing ovar ies was s u b s e q u e n t l y e x t e n d e d 
t o include o t h e r species, t o o . T h e in v i t r o cu l tu r e s were especia l ly success fu l 
when t h e ovar ies (Lycopersicum esculentum, Cucumis anguria, Phaseolus 
vulgaris, Fragaria sp., Nicotiana tabacum) we re placed on t o t h e cul ture m e d i u m 
several d a y s a f t e r po l l ina t ion (NITSCH 1949. 1951): the t o m a t o ovaries deve l -
oped in to m a t u r e seedless f r u i t s w i t h o u t pol l ina t ion , b u t such f ru i t s w e r e 
smal ler t h a n t hose c o n t a i n i n g seeds (NLTSCH 1949, 1951). 
I t can be said, in gene ra l , t h a t f ru i t s deve lop ing u n d e r in vitro c o n d i t i o n s 
a re smaller t h a n the n a t u r a l f r u i t s — as seen e.g. in t h e case of s t r a w b e r r y 
(DE CAPITE 1955), Lycopersicum pimpinellifolium (JANSEN—BONNER 1949) 
a n d Tropaeolum május (SACHAR—KANTA 1958). There a r e , however , k n o w n 
cases of ovar ies developing i n t o f ru i t s of n a t u r a l size (CHOPRA 1958, MAHES-
W A R I — L A L 1 9 6 1 , J O H R I — S E H G A L 1 9 6 3 ) . 
Of t h e f r u i t species g r o w n in H u n g a r y — a p a r t f r o m t h e above m e n t i o n e d 
s t r a w b e r r y — in vitro c u l t u r e s of ovaries of apple (PIERIK 1970) and b l a c k 
c u r r a n t (ZATYKÓ, u n p u b l i s h e d ) a re known . N o d a t a have b e e n found , h o w e v e r , 
on the t h i r d i m p o r t a n t g r o u p of small f r u i t s , t h e Rubus species , which f o r m 
t h e sub jec t of th is pape r . 
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The f r u i t of the r a s p b e r r y is a t r u e compound f r u i t consisting of small 
s tone f ru i t s (druplets) developing f r o m t h e ovaries, t he re fo re an in vitro 
cul ture of t h e ovaries r ender s the t h o r o u g h s tudy of f r u i t deve lopment u n d e r 
controlled condit ions possible . I t is expec t ed , fu r the r , t h a t on a su i t ab le 
cul ture m e d i u m haploid p l a n t s developed f r o m the unfer t i l ized ovules. 
F r o m fu l l y developed f l o w e r buds of t h e r a spbe r ry var ie ty Mail ing Promise (Rubus 
idaeus L.) a n d of Rubus caesius L. ovaries were excised under steri le condit ions mos t ly a f t e r 
Ni tsch 's m e t h o d (NITSCH-NITSCH 1969). The ovar ies were placed on Miller- and Ni t sch-cu l tu re 
media (MILLER 1967, NITSCH-NITSCH 1969) as well as on the l a t t e r ' s var ia t ions , and k e p t in 
low light i n t ens i t y (1500 lux) a t t empe ra tu r e s of 25 — 27°C during t he per iod of the expe r imen t . 
To register t he r a t e of deve lopment samples were t a k e n of the ovar ies every 2 — 4 weeks de-
pending on t h e na tu re of the expe r imen t , and 20 measurements per t r e a t m e n t t a k e n of the i r 
size by means of a stereo-microscope. Samples r equ i r ed for the cytological examina t ions were 
t aken at t he s a m e t ime. The ovar ies f ixed in Ca rnoy solution were i n b e d d e d in p a r a f f i n e t hen 
serial sections were made of t h e m to s tudy the histological aspects of f ru i t deve lopment and 
t h e possible deve lopment of e m b r y o s . The e x p e r i m e n t s were general ly evaluated a f t e r two-
four weeks, b u t cer ta in cultures were except ional ly main ta ined for m o n t h s . Besides t h e s t u d y 
of the effects of var ious culture m e d i a the e x p e r i m e n t s presented t h e possibility of compar ing 
t he deve lopment of ovaries o r ig ina t ing from f lower buds of d i f ferent size. 
On t h e th i rd day a f t e r inoculat ion it was visible even to the naked eye 
t h a t the ovar ies had begun t o grow, and in most cases t h e y reached m a x i m u m 
size within t w o weeks. Some ovaries b e c a m e red thus resembl ing the r ipe f ru i t s 
(druplets) of t h e raspberry . I t must he n o t e d t ha t the colour ing of the ovaries 
only occurred sporadically a n d even in t he se cases i n t e n s i t y did no t a t t a i n 
t h e colour in t ens i ty of f ru i t s developing u n d e r natura l condi t ions . 
Of t h e cu l ture media used the ovaries showed the h ighes t ra te of g rowth 
on Nitsch + IAA (indole acet ic acid) 2 p p m . (Table 1). This t endency was 
Size (mm) of Mailing Promise raspberry ovaries 
excised from flou-er buds of 6 — 7 mm diameter when cultured on different culture media 
Material and Method 
Resul ts 
Table 1 










2 . 1 1 
2.04 
1.87 
Nitsch I A A * 0.1 
Nitsch 
Nitsch + I A A 2.0 
Nitsch + N A A * * 2.0 
Nitsch 2,4-D 2.0 
* IAA = indole-acetic acid 
** NAA = naphtyl-acet ic acid 
Acta Agronomien Acatlcmiae Scientiarum Hungaricae 24. 1975 
IN V I T R O C U L T U R E OF O V A R I E S 2 7 9 
i den t i ca l in t he case of ovaries exc ised f rom f lower buds of 4 . 5 — 5 m m and 
6 — 7 m m d iame te r , respect ive ly (Tab l e 2). T h e l a t t e r , howeve r , a t t a ined a 
l a r g e r f ina l size — as was e x p e c t e d f r o m the la rger ini t ial d i a m e t e r anyway . 
I t was n o t only on t h e size of t h e ovar ies t h a t t h e d i f f e ren t c u l t u r e media had 
a n in f luence . The i r ef fec t was fe l t in t h e callus f o r m a t i o n , too. I n t h e f irs t two 
weeks t h e callus f o r m a t i o n was t h e mos t in tens ive in Ni tsch + I A A 2 ppm. 
L a t e r on a def in i te callus f o r m a t i o n was observed on Nitsch + N A A 2 p p m 
(naph ty l - ace t i c acid) and even on t h e basic N i t s ch cu l ture m e d i u m . I t was 
su rp r i s ing , on t h e o the r hand , t h a t on the Miller m e d i u m c o n t a i n i n g k ine t in 
i t was only a f t e r t w o m o n t h s t h a t a n y not iceable a m o u n t of cal lus developed. 
I t is wor th m e n t i o n i n g t h a t t h e r e l a t ive ly u n d e r d e v e l o p e d ovar ies — tha t is, 
Table 2 
In vitro growth (mm) of Mailing Promise raspberry ovaries 
excised from flower buds of different diameter 
Cul ture m e d i u m (ppm) 
A t t h e beginning 
of t h e experiment 
At t h e age 
of two weeks 
4 .5 — 5 m m 6 - 7 m m 4 5 - 5 mm 6 — 7 m m 
Nitsch 0.44 0.62 1.11 1.70 
Nitsch + IAA* 2.0 0.44 0.62 1.53 2.11 
Nitsch {- NAA** 2.0 0.44 0.62 1.18 2.04 
Nitsch + 2,4-D 2.0 0.44 0.62 1.26 1.87 
* IAA = indole-acetic acid 
** NAA = naphtyl-acet ic acid 
t hose excised f r o m smaller f l o w e r b u d s — d i sp layed a much m o r e intensive 
ca l lus f o rma t ion t h a n the more developed ones. A similar p h e n o m e n o n was 
o b s e r v e d in in vitro cu l tures of s t r a w b e r r y f r u i t s , too (ANTOSZEWSKI—Lis 
1967). On a N i t s ch -f- IAA c u l t u r e medium of 0.1 p p m the s t o n y seedcoat 
deve loped — t h o u g h most ly i m p e r f e c t l y — in s o m e 50 per c e n t of the f ru i t s 
a f t e r t w o m o n t h s . On the o ther h a n d , in f ru i t s of t h e same age, w h e n cul tured 
on Miller m e d i u m , n o t even t h e t r a c e s of shell f o r m a t i o n could b e found . 
However , no v iable e m b r y o was found w i t h i n the shell in a n y of t h e 
c u l t u r e media , t h a t is, t h e f r u i t s developing f r o m t h e ovaries w e r e par theno-
ca rp i c . The cytologica l e x a m i n a t i o n s conf i rmed t h a t the egg cell did not 
even s t a r t to d iv ide , and t h a t l a t e r the e m b r y o sac b e c a m e degenera ted 
(F ig . 1). 
The microscopic analyses of t h e serial sect ions h a v e c o n f i r m e d our earlier 
suppos i t ion t h a t t h e ova ry of t h e R u b u s species con t a in s two o v u l e s : a devel-
oped ovule a n d a less developed one (Fig. 2). T h e reason w h y t h i s f inding is 
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Fig. 1. Longitudinal sec t ion of a 14 d a y s old par thenocarpic f r u i t (druple t ) developing f rom 
a Mail ing Promise r a s p b e r r y ovary on N i t s c h + IAA cul ture m e d i u m of 0.1 p p m . The degener-
a t e d ovule is clearly visible in the cen t r e . X 50 
Fig. 2. Longitudinal sec t ion of ovary excised from a fully developed flower b u d of Mailing 
Promise r a s p b e r r y , wi th 2 ovules (0). X 100 
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so i m p o r t a n t is t h a t so f a r not more t h a n a single seed has been f o u n d in the 
d rup lc t of the Rubus species. 
Some R. caesius ovaries were k e p t on Ni t sch + IAA 0.1 p p m culture 
med ium for a whole y e a r wi thout r epea ted inocula t ion . When eva lua t ing the 
resul ts we were surpr i sed to f ind t h a t though the g rowth of t h e ovaries had 
s topped , they had remained alive a f t e r such a long t i m e . This is a remarkable 
phenomenon especially when we t h i n k of the f ac t t h a t at room t empera tu r e 
r a s p b e r r y f rui ts can only be stored fo r 48 hours a t t h e most . I t is possible tha t 
s ter i le condit ions like t hose described above will he of impor tance in t h e fu ture 
s to rage of fresh f ru i t s . 
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DETERMINATION OF LYSINE AND METHIONINE 
REQUIREMENTS 
I I . E S T A B L I S H M E N T O F AMINO A C I D S U P P L I E S I N F A T T E N I N G P I G S BY T H E 
D E T E R M I N A T I O N O F C E R T A I N P A R A M E T E R S O F T H E BLOOD PLASMA 
By 
J . J É c s A i , M. SZELÉNYI-GALÁNTAI, В . JUHÁSZ 
R E S E A R C H I N S T I T U T E FOR A N I M A L H U S B A N D R Y , D E P A R T M E N T OF P H Y S I O L O G Y , 
B U D A P E S T 
The effect of amino acids appl ied in feed on the free amino acid of the blood 
plasma was s tud ied in pigs divided into groups. I n t h e experimental period the free 
amino acid composi t ion of the p l a sma was determined in blood samples t aken from the 
animals. It was f o u n d tha t the f ree amino acid con ten t of the blood p lasma was highly 
reactive to the d i f ferent levels of amino acid applied in the diet. The o p t i m u m level of 
lysine (27 — 29 pmol/100 ml p lasma) was found in t h e plasma when t h e lysine content 
of the feed was 0.92 per cent. T h e above findings agreed with the resul ts of investiga-
tions on the n i t rogen turnover. T h e authors ' invest igat ions suggest t h a t t he plasma can 
be used as a quick , precise and easy to evaluate m e t h o d in establishing the amino 
acid requirements of pigs. 
Int roduct ion 
Recently a n u m b e r of publ ica t ions have g iven account of amino acids 
t a k e n up with t h e feed having an influence on t h e concent ra t ion of amino 
acids found in t h e p l a s m a . According to MITCHELL et al. (1968) t h e more amino 
acids are taken u p b y t h e animal t h e higher the f r e e amino acid c o n t e n t of the 
p l a sma becomes. T h e above a u t h o r s as well as SZELÉNYI-GALÁNTAI et al. (1973) 
po in ted out tha t a ce r ta in lysine c o n t e n t regarded as opt imum occurred in t h e 
p lasma in the case of max imum n i t rogen re ten t ion . B y measuring t h e isoleucine 
c o n t e n t of the p l a s m a BRAVO et al. (1970) de t e rmined the isoleucine require-
m e n t s of young f a t t e n i n g pigs. T h e authors s t u d i e d t h e effect of cu t t ing off 
t h e feed on the concent ra t ion of f r ee amino acids in the p lasma too . On the 
hasis of exper iments carried on w i th pigs LEUNG et al. (1969), and TY PPO 
et al. (1970) po in ted ou t a corre la t ion between t h e f ree amino acid content of 
t h e p lasma and t h e s t a t e of amino acid supply in t h e animals. 
Therefore, t o establish t h e amino acid r equ i r emen t s of f a t t e n i n g pigs 
we s tudied the e f fec t of amino ac ids consumed w i t h the feed on t h e free ami-
no acid concent ra t ion as well as t o t a l protein and a m i n o acid n i t rogen contents 
of t h e plasma wi th an exper imenta l set t ing and composi t ion of feed described 
in our earlier p a p e r (SZELÉNYI-GALÁNTAI et al. 1973). 
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Material and Method 
L a r g e white m e a t - t y p e pigs kept in g roups were used for the blood tests . I n each group 
f ive an ima l s were marked a n d blood samples were taken f rom t h e m before, t h e n on 4 occasions 
af ter t h e experimental feed given. The b lood samples were a lways taken 3 — 4 h o u r s following 
the m o r n i n g feeding, according to the p resc r ip t ion of NORDSTRÖM eí al. (1970). 
T h e free amino acid content of t h e p lasma was de te rmined with a Bio-cal 200 type 
a u t o m a t i c amino acid analyser . The free a m i n o acids were isolated from the p l a s m a by the 
modif ied me thod of MOORE —STEIN (1954; 1958): 2 ml blood p lasma was deprote in ized with 1  
per cen t picric acid and cent r i fugated a t 6 — 8000 rpm. The deproteinizing s u b s t a n c e was re-
moved w i t h Dovex 2 x 8 (120 — 200 mesh) resin. The free a m i n o acids were washed off the 
resin w i t h 0.06 n HCl. T h e solution coming off the column was evaporated (in vacuum at 
60°C), t h e n the residue t a k e n up in 0.2 m c i t r a t e buffer of k n o w n quant i ty , a n d f r o m this the 
requi red a m o u n t applied to the separat ing column. 
T h e to ta l protein c o n t e n t of the blood p lasma was de te rmined with the B i u r e t technique, 
by t h e m e t h o d of PHILIPS et al. (1950), a n d t h e determinat ion of the total amino acid nitrogen 
was car r ied out with the Folin-Danielson m e t h o d after the descript ion of BÁLINT (1962). 
Resul t s 
I n t h e exper iment lysine and methionine were contained in t h e feed in 
d i f f e ren t var ia t ions (SZELÉNYI-GALÁNTAI et al. 1973). 
Of the results of examina t ion concerning t h e free amino ac id content 
of t h e blood only t h e changes of t w o amino acids, lysine and me th ion ine , are 
descr ibed . The resul ts a re shown in T a b l e 1. 
Table 1 
Lysine and methionine contents of pig blood plasma during the experiment (/nmol/100 ml) 
Blood t a k i n g 
Amino 
acid 
Group 1 G r o u p 2 Group 3 Group 4 Group 5 
N u m b e r and t ime Control Bas ic feed 
+ 0 . 3 % lysine 
Basic feed 
+ 0 . 6 % lysine 
Base feed 
+ 0 . 6 % lysine 
+ 0.5% meth . 
Base feed 
+ 0 .5% meth. 
I. 15. April Lys. 17.2 ± 1.46 16.8 ± 1.46 16.5 ± 1.46 17.1 ± 1.46 17.3 ± 1.46 
1971. Meth. 9.5 ± 0.47 8.9 ± 0.47 10.5 ± 0.47 10.2 ± 0.47 11.3 ± 0.47 
II . 1. J u l y Lys. 16.6 ± 1.44 25.6 ± 1.80 28.3 ± 3.05 29.8 ± 4.59 18.7 ± 0.99 
1971. Meth. 11.0 ± 1.24 10.6 ± 2.01 9.47 ± 1.51 18.6 ± 2.9 25.8 ± 5.10 
I I I . 11. Augus t Lys. 17.2 ± 1.43 18.3 ± 3.03 29.7 ± 5.83 27.4 ± 0.84 18.0 ± 1.69 
1971. Meth. 6.4 ± 0.40 6.4 ± 1.71 5.60 ± 1.83 6.0 ± 0.41 10.2 ± 2.69 
IV. 9. Sep t . Lys. 15.2 ± 0.80 15.5 ± 1.48 24.0 ± 2.85 20.4 ± 1.45 15.8 ± 1.49 
1971. Meth. 5.2 ± 1.03 5.4 ± 1.75 5.2 ± 1.45 6.0 ± 1.00 6.9 ± 1.49 
Lys. = ly 
Meth . = n 
'sine 
lethioni ne 
T h e table gives t h e quan t i t i es of free lysine a n d meth ionine found in 
the p l a s m a on the f o u r occasions of t a k i n g blood (I , I I , I I I and IV) . 
I n t r e a t m e n t I t h e animals of all f ive groups had consumed t h e same 
compos i t ion of feed. I n their blood plasma the concent ra t ion of f r ee lysine 
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was 16.5—17.3, while the me th ion ine content r anged from 8.9 t o 11.3 ^mol/lOO 
ml; the s t anda rd deviat ion (s. d .) was + 1 . 4 6 and +0 .47 , respect ively. T h e 
concent ra t ion of t h e amino acids examined in t h e blood p l a s m a was n e a r l y 
identical in all groups . 
The lysine and methionine contents of blood plasmas t a k e n from t h e 
control animals (group 1) did no t , in essential, change dur ing t h e exper iment . 
On the second occasion of t ak ing blood ( t r ea tment I I ) t h e free lys ine 
concent ra t ion of t h e plasma increased by an average of + 8 . 8 pmoI/100 ml in 
group 2, then , on the subsequen t two occasions ( t r e a t m e n t s I I I and IV) 
decreased to its ini t ial concen t ra t ion . 
In t h e case of group 3 ( + 0 .6 per cent, lys ine added) t h e f ree lysine con-
cen t ra t ion of the p lasma increased by + 1 1 . 8 /imol/100 ml on t h e second ( t r e a t -
ment I I ) —, and even somewhat fu r t he r on t h e th i rd ( t r e a t m e n t I I I ) occasion 
of t ak ing blood, and it was only on the last occasion ( t r e a t m e n t IV) t h a t i t 
decreased to 24.0 pmol/100 ml, a n d even t h e n was 7.8 p inol /100 ml h ighe r 
t h a n in t r e a t m e n t I , t h a t is, be fore the exper imen ta l feed app l i ed . 
In group 4 t h e lysine c o n t e n t in the p l a s m a s of blood samples taken on 
di f ferent occasions showed a t r e n d similar to t h a t in group 3. 
In group 5 where no lysine was supp lemented , the f r e e lysine c o n t e n t 
of the plasma did no t show any subs tan t i a l change during t h e exper iment . 
Any essential change in t h e methionine conten t of t h e p lasma was o n l y 
found dur ing the exper iment in t h e case of supp lemen ta ry methionine (0 .5 
per cent) applied (groups 4 and 5). 
The increase, however, was only a p p a r e n t on the s econd occasion of 
t ak ing blood ( t r e a t m e n t II), whi le on the t h i r d and four th occasions ( t r e a t -
ments I I I and IV) t h e concen t ra t ion of me th ion ine in the b lood plasma w a s 
much lower in all groups (groups 1, 2 and 3, too) than t h e init ial value. I n 
group 5 this was na tu ra l , since — having observed toxic s y m p t o m s in t h e 
animals as a response to the me th ion ine rich feed (dysorexia, loss of weight) — 
we replaced the feed by t ha t of t h e control an ima l s before t h e four th occasion 
of t ak ing blood ( t r e a t m e n t IV.). 
Changes in t h e methionine a n d lysine concent ra t ion of t h e plasma d u r i n g 
the exper iment are shown in F igs 1 and 2. T h e tota l p ro te in content of t h e 
blood plasma gradua l ly increased in the course of the e x p e r i m e n t , as seen in 
Fig. 3. The to ta l amino acid n i t rogen displayed a slight increase in the expe r i -
men ta l period (Fig. 4). 
Conclusions 
In our exper iments we t r i ed to find an answer to t h e ques t ion how t h e 
effect of a lysine supp lement (0 .3—0.6 per cen t , groups 2 a n d 3) added d u r i n g 
the period of f a t t en ing , as well as t h a t of meth ion ine fed j o i n t l y with lys ine 
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15 4 1971. 1 7 1471 11 Я 1971. 9.9.1971. 
Fig. 1. F ree methionine concentrat ion in t h e plasma of growing pigs (,umol/100 m 
Methionine p mol/100 ml p lasma. 
plasma free lysine concentrat ion 










Base ration + 0,37o lysine 
Basic rat ion+ 0,6% lysine 
Basic rat ion • 0,6% lys. +06% met. 
Basic ra t ion »05°/o methionine 
s tandard error of the mean 
4 
15. 41971 1. 7 1971. 11 8 1971. 9 9 1971 
Fig. 2. Free lysine concent ra t ion in t he p lasma of growing pigs («mol/100 ml) 
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Basic ration * 0,3% lysine 
Basic ra t ion . 0,6% lysine 
Basic ration. 0 .6% l y s i n e . 05% meth ion ine 
Basic ration * 0.5 % methionine 
15 A 1971. 8.7.1971. 11.8 1971 9.9.1971. 
Fig. 3. Changes in the p lasma pro te in content of growing pigs (g/100 ml) 






— Basic ration . 0 3 % lysine 
— Basic r a t i o n . 0,6 X lysine 
— Basic ration . 0 ,6% lysine + 03% methionine 
Basic ration . 0 3 % methionine 
—I  
. 7 1971. 15 4 1971. 8 11. 8. 1971 9 9 1971. 
Fig. 4. Total f ree a m i n o acid concen t ra t ion in the p l a s m a of growing pigs (mg/100 ml) 
(0.6 per cent lysine —J- 0.5 per cen t methionine, g roup 4) and of a methionine 
supp lement (0.5 pe r cent , group 5) would show in t h e plasma of blood samples 
t a k e n on di f ferent occasions. 
The results of t h e exper iment showed t h a t as a response t o lysine supple-
m e n t a t i o n the lys ine content of t h e blood p l a s m a reached a m a x i m u m t h e n 
decreased in the course of f a t t en ing , bu t dur ing t h e whole period of the experi-
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0 non significant di f ference 
X signif icant (p*r0,5) 
XX highly significant (p-=0,1) 
I. Control 
II. Basic ration 
III Basic rat ion 
IV Basic ration 
V. Basic ration 
0,3% lysine 
0.6 % lysine 
0,6% lysine . 0,5% methionine 
0,5% methionine 
15. A. 1971. 1. 7, 1971. 11. 8 1971. 9. 9 1971. 
Fig. 5. E f f e c t of lysine supp lemen ta t ion o n t h e free lysine concent ra t ion in t h e plasma of 
g rowing pigs 
I. ^ijoritrol 
0 non significant difference II Basic nation . 0,3% lysine 
X signif icant III Basic ration . 0,6% lysine 
XX highly significant IV Basic ration »0,6% lysine »0,5% methionine 
V Basic ration . 0,5 % methionine 
15 A 1971 1 7 1971 11. 8 1971 9 9 1971. 
Fig. 6. E f f e c t of me th ion ine supp lementa t ion o n the free m e t h i o n i n e in the p l a s m a of growing 
pigs 
ment showed a higher v a l u e compared t o the control . I n case the feed is supple-
men ted w i th a smaller quan t i t y of lys ine , the lysine level of the b lood plasma 
reaches a max imum in an earlier p h a s e of the f a t t e n i n g period, t h e n settles 
at a v a l u e identical w i t h t ha t of the con t ro l animals. 
U n d e r the i n f luence of a m e t h i o n i n e supplement — when a d d e d wi thout 
lysine t o the animals — the blood p l a s m a shows a h igh methionine level al-
ready in an early p h a s e of fa t ten ing , which then — a f t e r a rapid decrease — 
reaches t h a t of the c o n t r o l animals. (This can also be explained b y t h e earlier 
m e n t i o n e d change of feed.) Methionine , when a d d e d wi th lysine, showed at 
once in t h e methionine level of t h e b lood plasma, t h o u g h to a lower extent 
t han w h e n added b y i tse l f . 
Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
LYSINE AND METHIONINE REQUIREMENTS 2 8 9 
In t h e groups of an imals not g iven additional meth ion ine — j u s t like 
in the control animals — t h e meth ion ine content of t h e plasma decreased by 
the end of the fa t t en ing per iod. The p l a s m a lysine l eve l of groups n o t given 
lysine supp lementa t ion shows a g radua l decrease d u r i n g t h e fa t t en ing period, 
t hough th is decrease is n o t so marked as in the case of methionine . 
The resul ts of measu r ing the t o t a l p ro t e in and a m i n o acid ni t rogen con ten t 
of the p lasma also showed t h a t the f e e d given to t h e animals covered their 
amino acid requi rements , b u t the e x a m i n e d paramete rs were not su f f i c i en t for 
de te rmin ing t h e right p ro t e in and a m i n o acid ratios. 
The results of t h e exper iments sugges t tha t t h e de te rmina t ion of the 
free amino acid level in t h e blood p l a s m a m a y be a s u i t a b l e method of estab-
lishing t h e s ta te of amino acid supply in pigs, as the f r e e amino acid level of 
the p lasma in the an imals responses ex t remely qu ick ly to addi t ional amino 
acids. So t h e method m a y become a r a p i d and re l iable way of de t e rmin ing 
the amino acid supplies of a stock. F o r t h e practical app l ica t ion of t h e me thod 
we have to know the a m i n o acid compos i t ion of the f e e d , the breed a n d age 
of the exper imenta l an ima l , and p e r f o r m blood tests of a t least 5 a n i m a l s of 
the s tock concerned. 
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ION EXCHANGE WITH SCENEDESMUS OBTUSIUSCULUS 
By 
G . M E S Z E S 
I N S T I T U T E OF P L A N T PHYSIOLOGY, E Ö T V Ö S UNIVERSITY, B U D A P E S T 
In t he previous exper iments it was p r o v e d that the mechan i sm of K + - a n d Br" 
up take by Scenedesmus obtusiusculus d epends on the state of cell development . The 
character is t ics of the concentra t ion curves, t h e competition a n d the st imulating effect 
of l ight, indica te active processes regarding m a i n l y the potass ium. However, i t is ques-
t ionable whether the mechanism of bromide u p t a k e is active or not . The results of the 
exchange exper iments ver i fy tha t the exchange of the bromide ion is more an ac t ive 
process t h a n its uptake-mechanism. Light s t imula tes both K + -exchange a n d B r ~ -
exchange in a great measure. 
In t roduct ion 
The ca t ion and anion u p t a k e and t h e i r up take mechan i sm in un ice l lu la r 
green algae pose several ques t ions . In l i t e r a t u r e different opin ions can be f o u n d 
on the u p t a k e ac t iv i ty and f i r s t of all the u p t a k e energy. 
In our i n s t i t u t e the ca t ion (K + a n d Na ' ) and an ion (Br~) u p t a k e of 
Scenedesmus obtusiusculus — pho tosyn thes iz ing unicellular a lgae — is s t u d i e d . 
During the expe r imen t s severa l con t r ad i c t i ng data came u p , therefore , we 
considered it i m p o r t a n t to check the ef f lux mechanism in m o r e details, b e c a u s e 
it can be supposed tha t the e f f lux is not a s imple and pass ive process. In t h i s 
p a p e r we shal l repor t about t h e K + and B r - exchange re su l t s . 
Material and Method 
The exper imen t s were carried out with an a lgae strain — Scenedesmus obtusiusculus 
CHOI) — supplied by the Biological Research I n s t i t u t e of the Hungar ian Academy of Sci-
ences. Tihany. The cells were grown in inorganic medium unde r the reported conditions (MESZES — 
K K A L O V Á N S Z K Y — C S E H — B Ö S Z Ö R M É N Y I 1 9 6 7 ) . I n a g r e a t m a j o r i t y o f t h e e x p e r i m e n t s 
synchronized cells were used. The cells were synchronized by means of a method spec ia l ly 
w o r k e d o u t f o r t h i s p u r p o s e ( M E S Z E S — S I P O S 1 9 6 8 . M E S Z E S — K O M Á R E K 1 9 7 0 ) . 
The cells for the exchange experiments were centrifuged (4 — 5000 g, 3 minutes) a n d 
washed three- t imes in a "Ca2 + —Mg2 +-solut ion". T h e concentration of t he Ca2+ and Mg 2 + 
ions was the same as tha t of the med ium (Ca2 + :0.61 mBquiv . ) liter and Mg2 + : 0. 41 m E q u i v . 
(liter). After this t he cells were resuspended in t he "Ca 2 +— Mg 2 + -solut ion" labelled w i t h K 4 2 
and Br82 (K+ concentra t ion was 0.03 mM and the B r - conc. was 0.1 mM). The cells were in-
cubated in this labelled solution for two hours in d i f f u s e l ight , in i l luminat ion and dark. A t t h e 
end of the u p t a k e period lasting two hours definite a l iquo tes were f i l tered and washed t h r o u g h 
a membrane fi l ter (Typ MF-50 f rom Membranfil ter Gesellschaft Gött ingen) and the q u a n t i t y о f 
the uptaken Br82 and K42 was determined in the s epa ra t ed cells by f i l t r a t ion . 
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After t h e u p t a k e period t h e cells were s e p a r a t e d by f i l t ra t ion a n d washed in " C a 2 + — 
Mg 2 +-solut ion a n d resuspended in inact ive KCl a n d K B r , respect ively . The c o n c e n t r a t i o n 
of K + and B r - w a s the same as t h a t of the up take so lu t ion . In the i n a c t i v e solutions t he cells 
were incubated in dif fuse light, in i l luminat ion and i n da rk . The r a t e of exchange was s t u d i e d 
as a function of t i m e . 
The d a t a w e r e calculated in unequiv . K + or B r + 1010 cells or t h e up take and e x c h a n g e 
of the two ions expressed in pe rcen t age as a f u n c t i o n of t ime. 
The K4 2 a n d Br82 ion e x c h a n g e were carried o u t with so-called " d a r k and light ce l l s " 
coming from t h e d a r k or light pe r iods of the cell cyc le . 
Results 
During t h e exper iments with Scenedesmus obtusiusculus the Br8 2-
exchange w a s s tudied a f t e r an uptake p e r i o d of two h o u r s in diffuse l i g h t . 
Af te r the u p t a k e period t h e r e is a rush — a few seconds long — e x c h a n g e 
supposedly f r o m the free s p a c e (Fig. 1). T h i s process t akes 5 minutes, t h e n t h e 
Br82 content of the cells decreases at an e v e n rate. I t is va l i d for both " l i g h t 
and dark ce l l s " . 
The b e h a v i o u r of t h e K 4 2 ions dur ing t h e exchange processes is i n t e r e s t -
ing (Fig. 2). W i t h the " d a r k cells" a lmost on ly the ions in ihe free space a re 
exchanged, because there is no fur ther exchange beg inn ing from t h e t e n t h 
minute of t h e exchange expe r imen t to the e n d of the second hour. On t h e o t h e r 
hand af te r a r u s h initial exchange the " l i g h t cells" in two hours gradually pass 
nearly 100 p e r cent of the K 4 2 quant i ty t a k e n up before. 
As t h e " d a r k and l igh t cells" had s h o w n a d i f fe ren t behaviour d u r i n g 
the exchange exper iments , t h e effect of t h e l i gh t and d a r k e n i n g on the e x c h a n g e 
process was s tud ied . As t h e resul ts have s h o w n light can increase the ion e f f l u x 
in the same w a y as the i n f l u x . 
As i t is shown in F ig . 3, the Br82 c o n t e n t of the cells decreases in d a r k 
a t an even r a t e for two h o u r s with a rush initial exchange of the cells g rown 
in dark a t t h e beginning. On the other h a n d , the i l lumina ted cells pa s s t h e 
uptaken Br8 2 in 100 per cen t almost in t h e f i r s t 30 m i n u t e s . The " l igh t ce l l s " 
in dark only pass about 25 p e r cent of t h e u p t a k e n Br82 in two hours, w h e r e a s 
in light t h e y pass almost t h e whole Br82 c o n t e n t in 20 m i n u t e s . 
The s a m e is valid f o r the K42 e x c h a n g e , too (Fig. 4) . As it is s h o w n in 
Fig. 4 the exchange of t h e " d a r k and l i g h t cells" in d a r k n e s s hardly exceeds 
the q u a n t i t y of ions coming from the f r e e space. On t h e o ther hand , in l ight 
70 per cent of the up taken quan t i t y is p a s s e d . 
Discussion 
Many paper s deal w i t h the effect of l ight on the ionfluxes. The d e p e n d -
ence upon l ight of the ionf luxes and t h e inhibi t ion of t h o s e by different inhib-
itors p e r m i t an insight i n t o the relation of the ionf luxes and pho tosyn thes i s . 
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Fig. 1. The Br^-exchange ra te by Scenedesmus obtusiusculus cells, t a k i n g the Br82 q u a n t i t y 
taken up in two hours for 100%. • • " d a r k cells"; О О "light cells" 
min 
Fig. 2. K4 2-exchange by Scenedesmus obtusiusculus cells. • • " d a r k cells"; О— 
"light cells" 
Inves t iga t ing the K + a n d N a + e f f lux b y Chlorella pyrenoidosa BARBER 
(1968a) demons t r a t ed the effect of light, t e m p e r a t u r e a n d different m e t a b -
olites on the exchange of b o t h ions. He supposed this process to be ac t ive . 
He demons t ra ted t h a t СССР* inhibi ts the r a t e of the Na e f f lux s t imula ted 
by light to a great ex ten t (BARBER 1968b). Inves t iga t ing t h e K + exchange of 
Chlorella cells s t imula ted by l ight , he supposed t h a t the k ine t ics of the e f f l u x 
showed t h a t the exchange of a grea t par t of t h e internal К ' is controlled b y a 
first-class process (BARBER 1968a). 
SHIEH—BARBER (1971) observed a ne t N a + e f f lux s t imulat ion w i t h 
Chlorella cells induced b y К in light. R e m a r k a b l e resul ts were reported b y 
RYBOVÁ—JANÁCEK—SLAVIKOVÁ (1972) wi th Hydrodictyon reticulum cells. 
I t was establ ished t h a t the K + , N a + and Cl~ f lows namely t he i r in- and e f f l u x 
were light dependen t and decreased by da rkness . From these experiments t h e 
* СССР = carbonylcyanide-m-chloro-phenylhydrazone. 
B r 8 2 
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Fig. 3. The effect of lighting and darkening on the Br82-exchange b y Sc. obtusiusculus cells 
• • exchange of " d a r k cells" in dark; О О exchange of " d a r k cells" in l igh t ; 
t • exchange of " l igh t cells" in dark; О О exchange of " l ight cells" in l ight 
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Fig. 4. The effect of lighting and darkening on t h e K42-exchange b y Sc. obtusiusculus cells. 
• • exchange of " d a r k cells" in dark; о О exchange of " d a r k cells" in l igh t ' 
• • exchange of " l igh t cells" in dark; О- - - - -O exchange of "l ight cells" in l ight 
conclusion was drawn t h a t the ion f low in bo th direct ions takes place a lmost 
exclusively through act ive pumps coupled metabolical ly. 
According to our r esu l t s the m e c h a n i s m of the ion u p t a k e wi th Scene-
desmus obtusiusculus d epends on t h e s t a t e of cell deve lopment . T h e cells 
grown in l ight and dark show a typica l change in u p t a k e in the f u n c t i o n of 
growth a n d division of cells. In the ear ly l ight period t h e u p t a k e i n t ens i t y is 
smaller, t h e n the K+ a n d Br~ up take of cells gradual ly increases paral le l ly 
with the cell volume en la rgement (MESZES—KRALOVÁNSZKY—CSEH—BÖSZÖR-
MÉNYI 1967). In the period of the f o r m a t i o n of the d a u g h t e r cells t h e u p t a k e 
decreases aga in in the f u n c t i o n of concen t ra t ion . According to the concen t ra -
tion curves of the up take a f t e r a s a t u r a t i o n the Br~ u p t a k e with Scenedesmus 
obtusiusculus increases aga in at a h igh concent ra t ion . I n the inves t iga ted 
concent ra t ion range the К and N a + u p t a k e with Scenedesmus shows a sa tu ra -
tion charac ter i s t ic . The К and N a + ions mutua l ly i n h i b i t the u p t a k e of one 
a n o t h e r ( M E S Z E S — K R A L O V Á N S Z K Y — C S E H — B Ö S Z Ö R M É N Y I 1 9 6 7 ) . 
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In spite of the repented exper iments i t remains ques t ionable whe the r 
t h e u p t a k e wi th t h e invest igated ions is ac t ive or not a l though t h e cells show 
compet i t ion be tween chloride a n d bromide, t h e concentra t ion curves are s a tu r -
a t e d , light increases the u p t a k e and all these th ings indicate an ac t ive process. 
Mainly the b r o m i d e up take is problemat ica l because the linear p a r t of the t i m e 
curves cannot be demons t ra ted in certain cases. Bu t we c a n n o t explain t h e 
increases of t h e K + influx by " l i gh t cells" a f t e r a five minu tes p r e t r e a t m e n t 
in da rk ei ther when the l igh^idark t rans i t iona l effect is s tud ied (MESZES — 
CSEH 1973). F o r this reason it was impor t an t to invest igate t h e exchange of 
b o t h ions before t h e cont inua t ion of the u p t a k e exper iments . 
As it is shown in the f igures , light has t h e same effect on the B r - a n d 
K + u p t a k e and exchange wi th Sc. obtusiusculus cells. Light s t imula te s b o t h 
t h e inf lux and e f f lux of both ions. Af te r a rush exchange of B r ~ and ions 
a slow pass w i th bo th " d a r k and light cells" can be observed for two hours , 
on t h e other h a n d , 100 per cent of the K42 and more than 70 per cent of t h e 
Br8 2 content t a k e n up in light is passed . This s t imula t ing effect of l ight refers t o 
an act ive exchange process. F u r t h e r these resul ts — conf i rming the earlier 
d a t a — show t h a t the ion u p t a k e mechanism wi th these algae depends on t h e 
s t a t e of cell deve lopment . 
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DIAPAUSE EXPERIMENTS WITH GRAPHOLITA 
DELINEANA WALK. ( = SINANA FELD., LEPID.: 
TORTRICIDAE) POPULATIONS IN HUNGARY 
B y 
G Y . SÁRINGER, В . NAGY 
L A B O R A T O R Y OF T H E R E S E A R C H I N S T I T U T E F O R P L A N T P R O T E C T I O N , K E S Z T H E L Y " , 
R E S E A R C H I N S T I T U T E O F P L A N T P R O T E C T I O N , B U D A P E S T 
The diapause of G. delineana Walk . ( = sinana Fe ld . ) beginning a t t he end of 
August is primarily de termined by the photoperiod preva i l ing during the development 
of the larvae. The t ime of i l lumination critical for the d i apause is between 14 and 15 
hours. Temperature inf luences the d iapause induced b y t h e photoperiod in such a way 
t h a t higher t empera tu res decrease t he photoperiodic e f f ec t . G. delineana is a long-day 
insect which has a facu l t a t ive diapause. Larvae d iapaused to 1 — 10 per cen t even on 
long days, at the s ame t ime fresh p u p a e were observed in the open on shor t days as 
well (15 September). W i t h o u t a cold effect the d iapaus ing larvae may develop into 
imagos after 1 — 3 m o n t h s of rest. In t he hemp producing regions of southern Hungary 
the period between 20 Augus t and 7 September is critical fo r the diapause of t he larvae. 
In this period the effect ive day length is reduced from 15 t o 14 hours. An earlier harvest 
of f ibre hemp (in the f i r s t half of Augus t ) prevents t he overwintering of large masses 
of larvae, and the popu la t ion of the following year can t h e r e b y be considerably reduced 
I n t r o d u c t i o n 
G. delineana W a l k . ( = G. sinana Fe ld . , tetragrammana Stgr .) a p p e a r e d 
as a new pes t on h e m p (Cannabis saliva L.) in S o u t h - E a s t Europe in t h e middle 
of t h e s i x t i e s (ZAYETZ 1 9 6 4 , MANOLACHE et al. 1 9 6 6 , N A G Y — R E I C H A R T 1 9 6 6 , 
BES 1967, NAGY 1967a, b , TZIBULSKAYA 1968, e t c . ) . I t had been k n o w n for 
some t i m e on hop ( H u m u l n s lupulus L.) (SWATSCHEK 1958). The t a x o n o m i c 
and ecological aspec t s of p o p u l a t i o n s l iv ing on t h e t w o host p l a n t s a r e j u s t 
as m u c h unexp la ined as t h e i r a p p e a r a n c e as a p e s t in Europe . I n China it 
was a l r e a d y known ea r l i e r as a pes t of h e m p seed (TSAO 1963). 
T h e p re l imina ry r e s u l t s of our inves t iga t ions o n t h e diapause of G. deli-
neana were br ief ly r e p o r t e d earlier (SÁRINGER—NAGY 1971). In t h e p r e sen t 
paper , a f t e r a desc r ip t ion of the m e t h o d s of i n v e s t i g a t i o n , a m o r e de ta i led 
i n t e r p r e t a t i o n of the d a t a a n d resul ts is g iven. 
A c k n o w l e d g e m e n t of t h e d i a p a u s e p lays a p a r t in t h e correct i n t e r p r e t a -
t ion of pes t s ignal iza t ion t o o , which c a n be carried o u t w i th var ious m e t h o d s 
(NAGY 1971). 
E x p e r i m e n t s w i t h G. delineana h a d a double a i m : on one h a n d , t o f ind 
out w h a t ecological f a c t o r s t h e d i a p a u s e of ca t e rp i l l a r s , beginning f r o m the 
end of A u g u s t d e p e n d e d o n ; on t h e o t h e r hand , w h e t h e r a t e m p e r a t u r e below 
zero was needed for t h e r e a c t i v a t i o n of l a rvae a l r e a d y d iapaus ing . 
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Mate r i a l and Method 
The popu la t ion serving as a s t a r t i n g point for the exper iments o r i g i n a t e d from the dis-
t r i c t of T ó t k o m l ó s - B a t t o n y a ( S o u t h - E a s t Hungary) . The imagos collected in t h e open laid 
eggs on hemp leaves on 28 — 29 May 1967. The eggs, t o g e t h e r with the leaves were kept in an 
a q u e o u s higrostate in t h e laboratory. O n t h e day of h a t c h i n g the larvae were placed in groups 
of 35 — 50 on a y o u n g h e m p shoot f i xed b y a cot ton plug i n to a water bot t le , b y means of a f ine 
b r u s h . The hemp shoo t was placed in a 24 cm high and 12 cm diameter g lass cylinder closed 
f r o m below by a Pe t r i -d i sh lined w i t h f i l t e r paper, and f r o m above by a p iece of linen f ixed 
w i t h a rubber r ing (F ig . 1). When t he h e m p shoot began t o wilt a new shoo t w a s placed close 
b y t h e side of the wi l t ing ones, so t h e l a r v a e were able t o climb by t h e m s e l v e s to the f resh 
h e m p . As long as t h e l a rvae were f eed ing every two or t h r ee days a new h e m p shoo t was placed 
in t h e culture. The wi l ted hemp was a l w a y s left in the cu l t u r e pot. When t h e l a r v a e were ful ly 
deve loped , the wi l t ing and drying p l a n t p a r t s , together w i t h the larvae, were placed in a glass 
vesse l of 13 cm he igh t and 13 cm d i a m e t e r , and covered w i t h cellophane. I n o r d e r to ensure an 
o p t i m u m vapour c o n t e n t a glass t ube ha l f filled with w a t e r and closed w i t h a co t ton plug was 
p l a c e d in the cu l tu re po t . 25 — 60 days a f t e r the last m o t h s appeared the d r y h e m p shoots and 
l eaves were examined carefully, and t h e n u m b e r of d i apaus ing larvae d e t e r m i n e d . 
I t should he no ted that under s u c h conditions t h e development of l a r v a e differs f rom 
t h a t t ak ing place in t h e open, where in m o s t cases the l a r v a e develop in a severa l cm passage 
m a d e in a single p l a n t wi thout c h a n g i g the i r place. Howeve r , this fac t is n o t very likely t o 
h a v e influenced t h e resul ts of the d i a p a u s e experiments . 
Inves t iga t ions were made with t h e above method in all three genera t ions , in thermosta-
t e s of 18 ± 1.7, 23 ± 1-2 and 28 ± 0 .7°C tempera tu re , respectively, wi th d a i l y photoperiods 
of 12/12, 13/11, 14/10, 15/9, 16/8 and 17/7 hours. 
Similar cu l tu res were set up in t h e open (control cu l tu res ) which were exposed to na tura l 
d a y l ight and day l e n g t h as well as t o o u t d o o r t e m p e r a t u r e . 
Both ou tdoor a n d laboratory e x p e r i m e n t s were per formed in t he L a b o r a t o r y of t h e 
R e s e a r c h In s t i t u t e for P lant P r o t e c t i o n , Keszthely (Sou th -Wes t H u n g a r y ) . T h e natural d a y 
l e n g t h s at Kesz the ly agree with those a t t he site of origin of the popu la t ions included in the 
expe r imen t . 
By the app l i ca t ion of the a b o v e cul ture me thod 20 — 80 per cent of t h e initial la rva 
p o p u l a t i o n developed, 27 — 63 per c e n t of the d iapaus ing la rvae wove ins ide t h e hemp stalk, 
whi le the others ill t h e fallen hemp l eaves . In one case a d iapaus ing larva w a s f o u n d inside t he 
h e m p seed. A b o u t one- thi rd of the l a r v a and cocoon respect ively, p r o t r u d e d f rom the seed. 
Results 
As a resul t of inves t igat ions made with th ree summer generat ions , at 
t h r e e constant t empera tu re s a n d in six di f ferent photoperiods i t can be es tab-
l i shed t ha t the d iapause set t ing in a t the s tage of full deve lopment in a larva is 
p r imar i ly de t e rmined by the pho tope r iod prevai l ing during t h e larval devel-
o p m e n t (Fig. 2). Higher t e m p e r a t u r e s to some extent dec rease the effect 
of t h e photoper iod on the d i a p a u s e . This is especially obvious in the case of 
t h e f i rs t s u m m e r generation w h e r e a t e m p e r a t u r e of 28°C wi th a photoper iod 
of 12/12—14/10 hours only r e s u l t e d in a 70—75 per cent d i a p a u s e . The lower 
t h e t e m p e r a t u r e t h e higher the e f f ec t of the photoper iod on t h e diapause . 
The t ime of i l lumination cr i t ical for the diapause is b e t w e e n 14 and 15 
h o u r s . Daily i l luminat ion of 14 h o u r s and less, however , only resu l ted in a 100 
pe r cent d iapause a t 18°C. 1—10 per cent of t h e larvae ra ised unde r a daily 
i l luminat ion of 15 hours or m o r e remained in d iapause . Thus , accord ing to t h e 
l abo ra to ry examina t ions G. delineana is considered a long-day insect which 
lias a facu l ta t ive diapause. D i a p a u s e responses given by the insec t to var ious 
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ecological cond i t ions show t h a t t h e reactions of t h e popula t ion are not u n i f o r m . 
Similar results were obtained in diapause s t u d i e s per formed wi th the species 
G. funebrana T r . t o (SÁRINGER 1967, 1970, 1971, SÁRINGER—DESEŐ 1968, 
DESEŐ et al. 1 9 7 1 ) . 
Diapause percentages de termined in a n outdoor i n s e c t a r y (i. e. u n d e r 
changing t e m p e r a t u r e and n a t u r a l photoper iodica l condi t ions) are shown in 
Tab le 1. Accord ing to the d a t a 94.5 per cent of t h e second s u m m e r genera t ion 
placed out a t t h e egg stage on 9 Augus t d i sp layed a diapause, whi le 100 per c e n t 
of the third s u m m e r generat ion placed ou t a t t h e egg s t age on 24 A u g u s t . 
Popula t ions set in la ter also showed a 100 p e r cen t diapause. 
The r eac t i va t i on ( fu r the r development) of larvae in d iapause does n o t 
requi re any — longer or sho r t e r — period of t empera tu res below or a r o u n d 
zero, a l though t h e reac t iva t ion of ca terpi l lars , which e i t he r had not b e e n 
cooled at all or h a d been cooled for a short t i m e then kept a t higher t e m p e r a -
tu res , lasted fo r a longer per iod . At a t e m p e r a t u r e of 18°C or more d iapaus ing 
l a rvae may deve lop into imagos a f t e r 1—3 m o n t h s of rest . Th i s fact makes i t 
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Table 1 
Diapause percentages of Grapholitha delineana larvae in an outdoor inseclary 
under natural photoperiodical and temperature conditions 
(min.: 16.1, max.: 29.5°C, Keszthely) 
Time of placing 
out eggs and L.,-3 Generation 
Diapause 
% 
Effec t ive 
day- leng th 
9 August Summer I I . 94.5 15h 34' 
24 August Summer I I I . 100 14h 49' 
1 September Summer I I I . 100 14h 23' 
11 September Summer I I I . 100 13h 49' 





Third s u m m e r 





Second s u m m e r 
g e n e r a t i o n 
12/12 13/11 14/10 15/9 16/8 17/7 hour 
l i g h t / d a r k 
Fig. 2. D i a p a u s e percentages of G. delineana u n d e r various t e m p e r a t u r e and pho tope r iod 
cond i t ions 
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I 
Gt 2 8 ° С 
2 I 
a f t e r one m o n t h of c o o l i n g 
10. 





at 2 3 ° С 
1 I . 2 I 3 I 
a f t e r one m o n t h of c o o l i n g 
I 
on d a y 
Fig. 3. Dis t r ibut ion in t h e t ime of appearance of G. delineana m o t h s from ca te rp i l l a r popu . 
la t ions kept under ident ical condi t ions 
dif f icul t to de te rmine to which genera t ion the specimens caught in t h e open 
belong to . 
In order to de t e rmine the length of t h e reac t iva t ion period more precisely 
an in fec ted hemp ma te r i a l of the same origin, collected in the field on 15 Sep-
t e m b e r , was placed in the rmos ta t e s of 23 and 28°C respectively (wi th a daily 
photoper iod of 17/7 hours) . The expe r imen ta l ma te r i a l had previous ly been 
s tored for 1—3 m o n t h s in a ref r igera tor a t t e m p e r a t u r e s of 5—7°C. T h e moths 
began to appear 11—15 days later , b u t t h e last ones only a f t e r 43 and 52 days 
respect ively . On the o t h e r hand , the reac t iva t ion of an imals kept in t h e w a r m 
af te r 2 — 3 months of cooling s ta r ted earl ier and was also completed earlier 
(Fig. 3). In another ma te r i a l kept a t 23 and 28°C respect ively wi thout prev ious 
cooling moths a p p e a r e d a f te r m a x i m u m 111 and 99 days respect ively , bu t 
several living caterpi l lars remained in d iapause even a f t e r 172 days. 
Knowing the cr i t ical t ime of i l lumina t ion , the fol lowing can be es tab l i shed 
concerning the d iapause conditions of popula t ions developing in the o p e n . 
In t h e district of Keszthely the ef fec t ive day- leng th (as t ronomical day-
length plus one hour) decreases a t t he end of summer , be tween 20 A u g u s t and 
7 Sep tember , f rom 15 to 14 hours. Accord ing to 50 yea r s meteorological da ta 
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(BACSÓ 1959) a t K e s z t h e l y the m e a n t e m p e r a t u r e in August is 20.6°C (at Szeged, 
t h e main zone of d a m a g e , 21.7°C), thus , it is t h e above pe r iod t h a t m u s t be 
cons idered as c r i t i c a l for the d i a p a u s e of G. delineana. 
From a p r a c t i c a l point of v i e w the a b o v e d a t a indicate t h a t in the p e r i o d 
b e t w e e n 22 A p r i l a n d 20 A u g u s t (if only t h e pho tope r iod i ca l condi t ions a r e 
cons idered) g e n e r a t i o n s can d e v e l o p c o n t i n u o u s l y , and tha t p a r t of the p o p u l a -
t i o n which d e v e l o p s a f te r 20 A u g u s t will s h o w d iapause t o a n increas ing pe r 
c e n t . The s m a l l e r p ropor t ion w h i c h does n o t show d iapause m a y s t a r t t h e 
d e v e l o p m e n t of a n e w gene ra t i on , depend ing o n the t e m p e r a t u r e cond i t ions 
i n Sep tember . T h i s new gene ra t ion will, h o w e v e r , show — w i t h all c e r t a i n t y — 
a 100 per cent d i a p a u s e . 
Our e x p e r i e n c e of 10 per c e n t f resh p u p a e f o u n d ou tdoors in t h e s o u t h e r n 
p a r t of H u n g a r y e v e n on 15th S e p t e m b e r is a l so in accordance wi th the a b o v e . 
By b e g i n n i n g t h e ha rve r s t of f ib re h e m p ea r l i e r we can d e s t r o y a cons ider -
a b l e pa r t of t h e l a r v a popu la t i on . I n H u n g a r y f i b r e hemp is u s u a l l y h a r v e s t e d 
i n t h e middle of A u g u s t . If t h e h a r v e s t t u k e s p lace 7—10 d a y s earlier, t h e n 
a t t h a t t ime t h e b u l k of the p o p u l a t i o n will cons i s t of p a r t l y deve loped c a t e r -
p i l l a r s . Af ter t h e ha rves t t h e y l e a v e the w i l t e d drying p l a n t p a r t s and die . 
I t m a y occur t h a t more d e v e l o p e d specimens comple te t h e i r d e v e l o p m e n t in 
t h e green r e s i d u e s of the s t u b b l e field, e spec ia l ly if it is l e f t u n p l o u g h e d . 
T h e r e f o r e , t h e poss ib i l i t y of l a r v a d e v e l o p m e n t is in close c o n n e c t i o n wi th t h e 
t i m e of h a r v e s t . H a r v e s t i n g a t t h e end of A u g u s t , beg inn ing of S e p t e m b e r 
r e n d e r s the d e v e l o p m e n t of t h e whole l a r v a genera t ion a n d i t s h i b e r n a t i o n 
poss ib le (NAGY 1967a , b). 
The r e s u l t s of our d i a p a u s e e x p e r i m e n t s also show t h a t t h e sugges ted 
ea r l i e r harves t of f i b r e hemp m a k e s it poss ib le t o des t roy a cons ide rab le p ro -
p o r t i o n of t h e l a r v a progeny of t h e f i rs t s u m m e r genera t ion be fo re d i a p a u s e 
s e t s in. By th i s t h e ove rwin te r ing la rva p o p u l a t i o n can be essen t i a l ly r e d u c e d . 
A c k n o w l e d g e m e n t 
We are i n d e b t e d to Dr. A. Vo jn i t s for his ass is tance in ident i fying the animal and 
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CHANGES OF GLYCOLIC ACID OXIDASE AND 
PEROXIDASE ACTIVITY IN MAIZE LEAVES DURING 
THE VEGETATION PERIOD 
By 
L. DÉzs i 
B I O L O G I C A L S T A T I O N O F T H E EÖTVÖS L Ö R Ä N D U N I V E R S I T Y , A L S Ó G Ö D 
Changes in the glycolic acid oxidase and peroxidase a c t i v i t y and in the chloro-
phyll con ten t during the vege ta t ion period were studied in t h e basal and apical p a r t s 
of maize leaves. The glycolic acid oxidase ac t iv i ty was always f o u n d to be higher in t he 
basal, younger parts of t he leaf , nearer to the s tem than in the f a r t h e r apical t issues. The 
chlorophyll content , on t h e o ther hand, was higher in the older apical tissues. Para l le l 
with the senescence of t h e leaves the glycolic acid oxidase ac t i v i t y decreased in each 
leaf horizon while the chlorophyl l content d id not essentially change . In the course of 
the stem format ion the glycolic acid oxidase act ivi ty was m u c h higher in leaves devel-
oped at t he beginning of t h e growth season t h a n in those developed in later phases , 
after f lowering and poll inat ion. On the basis of all these it has been found t h a t du r ing 
the development of the ma ize plant there is no close correlation between the glycolic 
acid oxidase activity and chlorophyll content of the leaves. F u r t h e r it has been po in t ed 
out t ha t it is not the age of t h e leaves but t he physiological age of the plant t h a t de ter -
mines the ex ten t of the glycolic acid oxidase act ivi ty. In the course of maize develop-
ment the glycolic acid ox idase activity in t h e leaves showed a t r e n d similar to t h e K-
and opposite to the Ca-and NO.,—N content . On this basis ce r t a in correlation can be 
supposed to exist between t h e glycolic acid oxidase activity a n d the nutrient c o n t e n t 
of the leaves. A close corre la t ion, parallelism between the age of the leaves a n d the 
extent of t he peroxidase ac t i v i t y cannot a lways be found dur ing t h e vegetation. W i t h i n 
the same maize leaf, again, i t is not always t h e older tissue p a r t t h a t shows the higher 
peroxidase activi ty. Our f u r t h e r task is to s t u d y in detail the t r e n d of the peroxidase 
level dur ing the development of the maize p l a n t , and disclose t h e causes of changes in 
its act ivi ty. 
In t roduc t ion 
In the me tabo l i sm of p l a n t s an essen t ia l role is p l a y e d b y the so-cal led 
end-oxidases , a m o n g o the r s t h e glycolic ac id oxidase a n d t h e p e r o x i d a s e . 
T h e glycolic ac id oxidase ox id izes the glycol ic acid u s ing t h e oxygen of t h e 
a i r whils t glyoxil ic acid and H . , 0 2 is e i ther b r o k e n down t o w a t e r and mo lecu l a r 
oxygen by t h e ca ta lase e n z y m e , or is u s e d b y the p e r o x i d a s e for ox id iz ing 
ce r t a in r educed compounds , hydrogen d o n o r s . The glyoxi l ic acid p r o d u c e d 
m a y t a k e p a r t in the o x i d i z a t i o n of t he r e d u c e d p y r i d i n e nucleot ides , m a y 
h a v e a pa r t in fo rming v a r i o u s compounds e . g. glycine, s e r ine and p h o s p h o -
glycerin acid (PRITCHARD et. al. 1962, RICHARDSON—TOLBERT 1961,TOLBERT— 
COHAN 1953, TOLBERT 1963, SCHOU et al. 1950) . In add i t ion i t m a y c o n t r i b u t e 
t o t h e syn thes i s of prote ins , c a r b o - h y d r a t e s a n d other c o m p o u n d s (KOLESNI-
KOV 1962a). T h e glycolic ac id oxidase t h a t t a k e s par t in t h e fo rma t ion of t h e 
glyoxilic acid general ly occurs in larger q u a n t i t i e s in t h e g reen par t s , l e a v e s 
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of t h e p l a n t s (CLAGETT et al. 1949. KOLESNIKOV 1948a, 1948b) and is s trongly-
t i e d to t h e ch lo rop las t s (KOLESNIKOV et al. 1970) . When t h e leaves are i n f e c t e d 
or mechan i ca l l y in ju red , e. g. w i t h the i so l a t ion of leaves t h e chloroplas ts a n d 
ch lorophyl l p r o t e i n s begin t o decompose , w h i c h process is a ccompan ied b y t h e 
decreased a c t i v i t y of the g lycol ic acid ox idase (FARKAS 1963) . I n isolated l e a v e s 
t h e decrease of glycolic acid ox idase and ch lo rophy l l c o n t e n t can he p r e v e n t e d 
b y placing t h e leaves in k i n e t i n solution (DÉzsi—FARKAS 1964). The g lycol ic 
ac id oxidase a c t i v i t y and t h e ch lorophyl l s y n t h e s i s increase w h e n the e t i o l a t e d 
leaves a re i l l umina t ed (KOLESNIKOV—EMENOVA 1956, KUCZMAK—TOLBERT 
1962, TOLBERT—BURRIS 1950) . On the b a s i s of these f a c t s a close co r re l a t ion 
is supposed t o exis t b e t w e e n t h e ch lo rophy l l conten t a n d t h e glycolic ac id 
ox idase a c t i v i t y of leaves. H o w e v e r , it has n o t been i n v e s t i g a t e d so far w h e t h e r 
in t h e leaves of p lan t s r a i s e d u n d e r n a t u r a l condi t ions a s imi lar co r r e l a t i on 
exis ts d u r i n g t h e vege t a t i on pe r iod , and w h a t t rend t h e glycol ic acid o x i d a s e 
a c t i v i t y shows paral le l to t h e d e v e l o p m e n t of t h e p lan t . 
A c h a r a c t e r i s t i c c o n c o m i t a n t of c h a n g e s occurr ing in the m e t a b o l i s m 
of p lan t s is t h e change of t h e pe rox idase l eve l . I t is known t h a t wi th an i n f e c t i o n 
or m e c h a n i c a l i n j u r y of t h e p l a n t s the a c t i v i t y and i s o e n z y m e compos i t ion of 
t h e p e r o x i d a s e c h a n g e ( B A S T I N 1 9 6 8 , FARKAS et al. 1 9 6 4 , FARKAS—STAHMANN 
1 9 6 6 , JOHNSON—CUNNINGHAM 1 9 7 2 , KANAZAWA et al. 1 9 6 5 , L O E B E N S T E I N — 
LINDSEY 1 9 6 3 , LOVREKOVICH et al. 1 9 6 8 , N O V A C K Y — H A M P T O N 1967 , R U B I N — 
ARZICHOWSKAYA 1963). T h e e n z y m e a c t i v i t y changes w h e n t h e seeds or l e a v e s 
a re t r e a t e d w i t h var ious e l e m e n t s and c o m p o u n d s (SULEYMANOV 1967, D É z s i 
et al. 1970). E x t e r n a l , e n v i r o n m e n t a l cond i t i ons , i l l u m i n a t i o n also c h a n g e t h e 
pe rox idase a c t i v i t y (ZENCHENKO 1964, IVANOVA et al. 1970) . The p e r o x i d a s e 
a c t i v i t y inc reases with l ea f senescence t o o (NOVACKY—HAMPTON 1968, 
BUDILOVA et al. 1971). T h e ques t ion a c c o r d i n g l y arises w h e t h e r there is a n y 
d i f ference in peroxidase a c t i v i t y be tween t h e younger a n d older leaf p a r t s of 
t h e same p l a n t , and w h a t c h a n g e s occur in t h e enzyme a c t i v i t y d u r i n g t h e 
v e g e t a t i o n p e r i o d . 
In a p r e v i o u s e x p e r i m e n t we f o u n d t h a t in the c o u r s e of maize d e v e l o p -
m e n t t h e K - c o n t e n t was a l w a y s higher in t h e younger b a s a l pa r t of t h e l ea f , 
whi le the Ca- a n d N 0 3 — N c o n t e n t in t h e o lde r apical t i s s u e s (DÉzsi—FRENYÓ 
1969). This d i f fe rence in n u t r i e n t c o n t e n t be tween t h e t w o pa r t s of t h e leaf 
c a n s u p p o s e d l y be exp la ined b y a d i f f e r e n t me tabo l i sm. W e may rece ive a n 
answer t o t h i s quest ion b y s t u d y i n g t h e t r e n d of the g lycol ic acid ox idase a n d 
pe rox idase a c t i v i t y dur ing t h e growth s e a s o n . 
Mate r ia l and Me thod 
Our investigations were m a d e with the maize variety "Mar tonvásá r i 602" grown 
under outdoor conditions. Samples were taken fo r the analyses a t the 9 — 11-leaf s tage 
f rom the basal and apical p a r t s of leaves of six uniformly developed plants on each 
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occasion. The leaf par t s were washed f i rs t in t a p water t h e n w i t h distilled wa te r , and 1 g of 
each s amp le was rubbed t o pieces in a p h o s p h a t e buffer. W h e n determining t h e glycolic acid 
oxidase a n d the chlorophyl l content a p H 7.8, while for t he peroxidase de te rmina t ion a pH 
6.0 p h o s p h a t e buffer was u s e d . The glycolic acid oxidase a c t i v i t y was determined b y the colori-
metr ic m e t h o d of KOLESNIKOV (1962b) on t h e grounds of m e a s u r i n g the q u a n t i t y of glyoxilic 
acid p roduced in A un i t t i m e . The chlorophyll content was de t e rmined af ter ARNON (1949). 
When de termining the pe rox idase act ivi ty t h e homogenizate w a s previously cent r i fuged for 
10 m i n u t e s a t 8000 r p m . , a n d the enzyme ac t iv i ty was m e a s u r e d in the s u p e r n a t a n t with 
guaiacol as a substrate b y spec t rophometer a t 470 millimicron. 
Resul ts 
In 1972 samples were taken on f ive occasions, a n d the basal a n d apical 
t issues of leaves f r o m each leaf s t o r ey were sepa ra t e ly analysed. W e do not 
th ink it necessary to give here every detai l of the inves t igat ions , b u t consider 
it essential to describe t h e vertical a n d horizontal d i s t r ibu t ion of t h e glycolic 
acid oxidase act ivi ty a n d chlorophyll content at two di f ferent da tes (Table 1). 
As seen in Tab le 1 the glycolic acid oxidase a c t i v i t y was a lways higher 
in the younger , basal p a r t s of the leaves than in t h e o lder apical t issues. When 
compar ing the enzyme act ivi ty of t h e lower and u p p e r leaf s toreys we f ind 
the f o r m e r ones to be of lower value. On the basis of d a t a obtained a t the two 
d i f ferent dates we can f u r t h e r see t h a t wi th the senescing of leaves t h e glycolic 
acid oxidase act ivi ty decreases. In t h e case of the chlorophyl l con t en t we f ind 
an opposi te t rend, n a m e l y , it shows a higher va lue in t h e apical p a r t of the 
leaves. There was no subs tan t i a l d i f ference between t h e chlorophyll contents 
de te rmined a t the t w o different da tes . Wi th the senescing of leaves t h e chloro-
phyll con t en t slightly increased, in con t ras t with t h e decreasing ac t iv i ty of 
the glycolic acid ox idase . 
T o check our r e su l t s we repea ted the inves t iga t ions in 1973. For the 
purpose of comparison we again give t h e detailed d a t a of analyses per formed 
a t two dif ferent da tes (Table 2). T a b l e 2 shows t h a t t h e glycolic acid oxidase 
ac t iv i ty (while in a b s o l u t e value s o m e w h a t lower t h a n in the previous year) 
was in th is case too h igh in the y o u n g e r basal p a r t of the leaf t h a n in the 
older apical tissue. I n samples t a k e n in an early p h a s e of vege ta t ion , a t the 
t ime of f lowering (18 J u l y ) , the glycolic acid oxidase ac t i v i t y both in t h e basal 
and apical parts of t h e leaf far exceeded the values ob ta ined in a l a t e r period 
of the g rowth season, a t t h e time of gra in format ion (16 August) . 
As regards the chlorophyll content , essential differences like those in 
the previous year were no t found e i t he r between t h e basal and apical par ts 
of t h e leaf , or between t h e lower and u p p e r leaf s toreys . T h e chlorophyll content 
of older leaves slightly increased in th i s case, too. I t c a n t h u s be said t h a t t ak ing 
a longer interval of t h e growth season in considerat ion the re is no close corre-
lation be tween the glycolic acid oxidase act ivi ty a n d t h e chlorophyll content 
in the leaves. We do n o t na tura l ly deny the poss ibi l i ty of such correlat ion 
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Table 1 




f rom below 
Glycolic acid oxidase act ivi ty 
m g / g f resh weight 
Chlorophyll c o n t e n t 
mg/g fresh weigh t 
a t t he leaf base a t the leaf apex a t the leaf base a t t h e leaf apex 
20 July 1 2.28 2.56 2.08 4.34 
2 3.96 2.88 3.60 4.05 
3 5.04 2.94 3.91 4.20 
4 5.76 3.24 3.91 2.95 
5 5.76 3.36 3.91 4.63 
6 7.20 4.44 3.91 4.63 
7 5.88 4.32 3.48 4.34 
8 7.02 3.96 3.60 4.20 
9 5.16 4.56 3.47 4.20 
4 August 1 1.80 1.44 3.25 4.05 
2 2.52 1.38 3.50 4.92 
3 2.76 1.38 3.88 4.92 
4 2.94 1.50 4.63 4.63 
5 2.94 1.56 4.78 4.92 
ft 3.30 2.10 4.78 4.92 
7 3.60 2.04 4.05 4.63 
» 3.72 2.76 3.71 4.63 
9 3.54 3.12 3.91 4.63 
10 3.48 3.30 3.91 4.63 
11 3.54 4.20 4.05 4.63 
exis t ing in cer ta in cases — m a i n l y in seedlings — at an early p h a s e of vege-
t a t i o n . 
The da ta of analyses showed t ha t upwards from the f i f t h and sixth 
leaf storeys t h e glycilic acid ox idase act ivi ty was higher t h a n in the lower 
leaves . Therefore t h e data o b t a i n e d in the 1972 analyses of l eaves from the 
lower and u p p e r leaf storeys w e r e summarized a n d the mean v a l u e s included 
in Table 3. We h a v e to note he re t h a t this d i s t r ibu t ion is j u s t i f i ed by the fact 
t h a t the spadix develops at t he f i f t h to sixth leaf, so the t rends of the glycolic 
acid oxidase ac t i v i t y and ch lorophyl l content in leaves below a n d above the 
s p a d i x can be i l lus t re ted in a s imp le r way (Table 3). 
The da ta of Table 3 clearly show the great change the glycolic acid oxidase 
a c t i v i t y undergoes during the g rowth season. In an early p h a s e of the vege-
t a t i o n period, a t t h e t ime of s t e m format ion (7 J u l y ) the glycolic acid oxidase 
a c t i v i t y was f ive to eight t imes h ighe r than a t t h e latest da te of examina t ion : 
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Table 2 




f r o m below 
Glyco l ic acid oxidase a c t i v i t y 
mg /g fresh weight/h 
Chlorophyl l c o n t e n t 
mg/g f r e s h weight 
a t t h e leaf base a t t h e leaf a p e x a t the leaf base a t t h e leaf apex 
18 July l 1.62 1.50 3.55 3.84 
2 2.64 1.92 3.75 3.90 
3 2.46 1.92 3.75 3.90 
4 2.52 2.34 3.92 4.19 
5 3.48 2.28 3.95 4.19 
6 3.12 2.52 4.01 4.24 
7 3.78 2.82 3.92 4.22 
8 4.32 2.82 3.92 4.05 
9 4.92 4.08 3.75 3.95 
10 5.76 4.62 3.75 4.05 
16 August 1 1.08 0.90 3.72 4.13 
2 1.44 1.14 4.05 4.48 
3 1.53 0.90 4.10 4.56 
4 1.83 1.47 4.33 4.77 
5 2.28 1.26 4.63 5.00 
6 2.01 1.11 4.77 5.06 
7 1.74 1.08 4.63 4.98 
8 1.74 0.90 4.69 5.15 
9 1.83 1.47 4.63 5.12 
10 1.50 1.20 4.42 5.00 
11 1.80 1.35 4.40 4.98 
a t waxen r ipening (31 Augus t ) . I t is known f r o m the l i t e r a tu re t ha t with t h e 
senescing of leaves the glycolic acid oxidase a c t i v i t y decreases (FARKAS 1968). 
However , in our present inves t iga t ion we h a v e to take it in considerat ion t h a t 
t h e upper leaves of the maize p l an t develop in a later pe r iod of the g r o w t h 
season and are t h u s re la t ive ly young, still t h e y show a compara t ive ly low 
enzyme level. Looking at t h e detai led data of Tab le 1 we f i n d t h a t the e n z y m e 
ac t iv i ty of each leaf s torey w a s much h igher on 20th J u l y t h a n two weeks 
l a te r , on 4 th A u g u s t . In sp i te of the fact t h a t the leaves of the uppe rmos t 
s to rey developed dur ing these t w o weeks (10 th to 11th leaf s torey) and were 
t h u s the younges t of all at t h a t t ime , still t he v a l u e of their glycolic acid oxidase 
ac t iv i ty cor responded — wi th a single except ion — to t h a t of t h e lower o lder 
leaves. At the beginning of t h e growth season no such change was observed. 
So e. g. on 7 th J u l y , t ha t is a t t he 5-leaf s t age , the average enzyme a c t i v i t y 
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Table 3 
Glycolic acid oxidase activity and chlorophyll content in the lower and upper leaf storeys 
T i m e of sampling 
ycolic acid oxidase a c t i v i t y 
mg/g fresh w e i g h t / h o u r 
Chlorophyl l content 





a v e r a g e of the 
u p p e r leaves 
average 
lower 5 




of t h e 
leaves 
base apex base apex base a p e x base apex 
1972. 7 Ju ly 6.29 5.47 3.03 4.10 
20 July 4.56 3.00 6.31 4.32 3.48 4.03 3.61 4.34 
4 August 2.60 1.45 3.56 2.92 4.01 4.69 4.07 4.63 
16 August 0.90 0.57 1.26 0.75 3.83 4.38 4.04 4.41 
31 August 0.80 0.73 1.33 0.62 3.66 3.82 4.14 4.13 
in t h e b a s a l pa r t s of t h e l eaves was 6 .29 mg/g fresh w e i g h t / h o u r ; t w o weeks 
la ter , on 2 0 t h J u l y in t h e h a s a l par t s of t h e newly d e v e l o p e d leaves of t h e u p p e r 
s torey a 6 .31 value w a s o b t a i n e d . T h e glycolic acid o x i d a s e a c t i v i t y i n t h e 
lower f i v e leaves was a t t h e same t i m e 4 .56 mg/g f r e s h we igh t /hour , wh ich 
shows a cons iderable d e c r e a s e of e n z y m e ac t iv i ty . T h u s t h e glycolic acid 
oxidase a c t i v i t y of t h e y o u n g e r leaves exceeded t h e e n z y m e ac t iv i t y of t h e 
older l e aves b y some 40 p e r cent . In a l a t e r period of t h e g rowth season — as 
refer red t o before — t h i s did not occu r . On the basis of these f ac t s w e can 
say t h a t in a later p h a s e of the on togenes i s of maize t h e ex ten t of glycol ic 
acid o x i d a s e ac t iv i ty is d e t e r m i n e d by t h e physiological a g e of the p l a n t r a t h e r 
t h a n b y t h e age of the i n d i v i d u a l l eaves . 
I n connec t ion wi th o u r da ta we s h o u l d like to call a t t e n t i o n t o a n o t h e r 
f ac to r . F e w studies h a v e been p e r f o r m e d so far as t o w h e t h e r t h e n u t r i e n t 
supply of p l a n t s i n f l uences — and if so in wha t f o r m — t h e a c t i v i t y of t h e 
glycolic ac id oxidase. ZAYTSEVA et al. (1971) po in ted o u t t h a t wi th the p h o s p h o r 
def ic iency of p lan ts t h e glycolic acid o x i d a s e ac t iv i ty increased . As r e g a r d s 
o ther n u t r i t i v e e lements w e also found c e r t a i n cor re la t ions . In the s a m e maize 
va r i e ty as u sed in the p r e s e n t e x p e r i m e n t we e x a m i n e d t h e d i s t r i b u t i o n of 
n u t r i t i v e e l emen t s in t h e l eaves dur ing t h e vege ta t ion p e r i o d (DÉzsi—FRENYÓ 
1969). W e f o u n d the p o t a s s i u m con ten t t o be always h i g h e r in the b a s a l p a r t s 
t h a n in t h e apical p a r t s of t h e leaves. I n t h e course of t h e vege ta t ion pe r iod 
t h e p o t a s s i u m content g r a d u a l l y dec reased b o t h in t h e b a s a l and ap ica l p a r t s . 
The ca l c ium conten t s h o w e d an o p p o s i t e t r end . T h e q u a n t i t y of N 0 3 — N 
was a l w a y s lower in t h e b a s a l pa r t of t h e leaf t han in t h e apical t i s sues sug-
gest ing a m o r e in tens ive m e t a b o l i s m in t h e younger p a r t s of the l eaves . W i t h 
t h e senesc ing of the p l a n t s t h e N 0 3 — N c o n t e n t of t h e leaf increased b o t h in 
the basa l a n d apical p a r t s sugges t ing a dec l in ing m e t a b o l i c ac t iv i ty . C o m p a r -
ing these d a t a with the r e s u l t s of our p r e s e n t expe r imen t we can say t h a t the 
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Table 4 
Peroxidase activity in maize leaves 
T i m e 
of sampl ing 
Leaf storeys 
f r o m below 
E x t i n c t i o n values m e a s u r e d b y spec t ropho tomete r 
a t t h e base a t t h e a p e x | base /apex % 
1973 1 465 385 80 
13 Ju ly 2 405 442 109 
3 412 465 112 
4 380 395 104 
5 495 515 104 
6 412 405 99 
7 415 520 79 
8 375 415 110 
9 280 385 128 
10 285 355 120 
11 285 372 124 
23 J u l y 1 342 292 84 
2 320 270 82 
3 342 330 97 
4 360 345 96 
5 385 325 82 
6 367 295 76 
7 310 292 94 
8 310 382 119 
9 350 312 88 
10 360 312 85 
11 290 260 89 
13 Augus t 1 512 397 72 
2 540 500 92 
3 610 432 59 
4 527 585 110 
5 640 537 81 
6 572 465 77 
7 572 480 81 
8 650 465 61 
9 510 455 88 
10 675 515 69 
11 650 470 62 
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glycolic acid oxidase act ivi ty of t h e maize leaf shows a similar t r e n d to the K -
a n d opposi te t r end t o the Ca- a n d NO.,—N con ten t s . This sugges ts a possible 
cor re la t ion between t h e nu t r ien t c o n t e n t and t h e glycolic acid oxidase ac t iv i ty 
of t h e leaves. 
We examined t h e change of act ivi ty of a n o t h e r ox ida t ive enzyme — 
perox idase — in maize leaves. T h e relevant d a t a are presented in Table 4. 
As seen from the f igures of the t a b l e there is, in general , no such g rea t difference 
in peroxidase a c t i v i t y between t h e leaf base a n d leaf apex as in the case of 
glycolic acid oxidase . I t can be sa id t h a t in t h e early phase of the growth 
season it was in t h e apical pa r t , t h a t is in the older tissues, while la ter in the 
y o u n g e r basal p a r t t h a t the perox idase ac t iv i ty was somewhat higher. No 
s u b s t a n t i a l d i f ference in peroxidase act ivi ty was found be tween the lower, 
o lder , and upper , re la t ive ly y o u n g e r leaves e i ther . On the basis of t h e l i tera ture 
we expected the peroxidase a c t i v i t y to increase wi th the senescence of t h e 
p l a n t , t ha t is, we t h o u g h t to f ind a gradual i ty in t h e dis t r ibut ion of the peroxid-
ase level of maize leaves both hor izonta l ly a n d vert ical ly . Our d a t a did not , 
howeve r , confirm th i s parallelism, t h e y even showed a considerable f luc tua t ion . 
T h e cause of this f l u c t u a t i o n , of t h e uneven d i s t r ibu t ion of the peroxidase level 
is n o t na tura l ly k n o w n as yet . I t m a y be caused b y climatic f a c t o r s , or by t h e 
a l t e r n a t i o n of the development phases of p lan t s ; it is the t a s k of the f u t u r e 
t o t h r o w light upon th is problem. 
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EFFECT OF GUANIDINO-METHYLATED ARGININES 
ON THE GROWTH OF TOBACCO TISSUE CULTURES 
By 
E . T Y I H Á K , M. MARÓTI, D . VÁGÚJFALVI , S. BAJUSZ, A . PATTHY 
R E S E A R C H I N S T I T U T E F . R M E D I C I N A L P L A N T S , B U D A K A L Á S Z ; EÖTVÖS L O R Á N D U N I V E R S I T Y , 
I N S T I T U T E O F P L A N T P H Y S I O L O G Y ; R E S E A R C H I N S T I T U T E FOR P H A R M A C E U T I C A L C H E M I S T R Y , 
B U D A P E S T 
Studying the effect of L-arginine a n d i ts guanidino-methyla ted der ivat ives on 
tobacco t issue cultures t he authors found t h a t 10 and 100 ppm concentrat ions of ММЛ 
(№-monomethyl-L-arginine) and DMA' (NG , N'G-dimethyl-L-arginine) caused 20 — 80 
per cent growth inhibit ion in 41 and 62 d a y s old cultures, respectively. The a d d e d L-
arginine and the added two guanidino-methyla ted arginines could be detected b y layer 
chromatography in alcoholic extracts of b o t h t he tissue cultures and the culture m e d i u m . 
Since the guanidino-methylated arginines are no t readily demethy la t ed it is supposed 
t h a t t hey influence the lysine-arginine an tagon i sm thus forming a par t of the sys t em 
of n a t u r a l growth regulat ion. 
In t roduc t ion 
A m o n g t h e p ro te in -amino acids of l iv ing organisms L-arginine p l a y s 
an i m p o r t a n t role — even according to t h e l imi ted knowledge acquired so f a r . 
The synthes i s in cell cu l tures of va r ious adenoviruses is only poss ible in 
t h e p r e s e n c e of a r g i n i n e ( R O U S E — S C H L E S I N G E R 1 9 6 7 , D U B E S et al. 1 9 6 9 ) . 
In the absence of arginine t h e virus D N A a n d t he capside an t igens are s y n t h e -
tized in a r e d u c e d yield in t h e infected cells, b u t non in fec t ious viruses c a n be 
detected in eve ry cell. If a rg in ine is then a d d e d to these cells, there is a r a p i d 
increase in in fec t iv i ty . Arg in ine is needed fo r the rep l ica t ion of the h e r p e s 
v i r u s t o o ( I N G L I S 1 9 6 8 ) . 
Arginine is similarly indispensable in cu l tu r ing microorganisms (CHANG— 
SHUNG 1 9 6 8 , PASS —RAZYNSKA-BOJANOWSKA 1 9 6 9 , K U Z ' M E N K O 1 9 6 9 ) . 
In t h e metabol i sm of p l an t s arginine serves as a n i t r ogen source in t h e 
b iosynthe t ic processes whe reas — as an a c c e p t o r — it is one of t he main b i n d e r s 
of n i t rogen (PLÉSKOV—VIL'YAMS 1965, BARET et al. 1966). I n some species of 
Leguminosae a n d in those belonging to t h e Cucurbitaceae in tens ive a rg in ine 
metabol i sm t a k e s place especial ly during ge rmina t ion (JONES—BOULTER 1968). 
I t is r e m a r k a b l e t ha t t h e s t ress effects a r e par t icu la r ly fe l t on the a rg in ine 
level of p l a n t s . E. g. in t h e y o u n g leaves of coconut -pa lms diseases cons iderab ly 
increase t h e arginine c o n t e n t (PILLAI—SHANTA 1968). I n sugar-beet l e aves 
too the a rg in ine level gives an intensive g r o w t h response t o virus in fec t ions 
(LERCH—STEGEMANN 1 9 7 0 ) . 
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In t h e a n i m a l o r g a n i s m , arginine as a m e m b e r of t h e u r e a cycle, b y r e m o v -
ing the a m m o n i a or a m m o n i u m ions p r o m o t e s t h e d e t o x i c a t i o n of the o r g a n i s m 
(ROBERGE—CHARBONNEAD 1969). The phys io logica l i m p o r t a n c e (essential role) 
of arginine i n t a k e has b e e n po in ted ou t in t h e case of a n u m b e r of a n i m a l s 
(GRADUSOV 1967, ROGERS et al. 1970). I t h a s been gene ra l l y proved t h a t t h e 
addi t ion of excess L-lysine t o t h e diet of y o u n g chicks inc reases the r e q u i r e m e n t 
for arginine , wh ich appea r s in a decreased r a t e of g rowth , s y m p t o m s of a r g i n i n e 
def ic iency, a s well as in t h e lower arginine leve l of the p l a s m a too (JONES 1964, 
O'DELL—SAVAGE 1966, BOORMAN—FISHER 1966). T h e decreased a r g i n i n e 
level of t h e p l a s m a is p r o b a b l y caused b y t h e a b s o r p t i v e loss of a rg in ine on 
t h e renal t u b u l e s of the c h i c k resul t ing f r o m a c o m p e t i t i o n be tween lys ine a n d 
arginine (JONES et al. 1967). 
The lys ine-a rg in ine a n t a g o n i s m c a n he p a r t i c u l a r l y well d e m o n s t r a t e d 
b y their e f f e c t s exer ted on t u m o u r s in a n i m a l s . L-lysine proved t o h a v e a 
cons iderable r e t a rd ing , w h i l e L-arginine a p r o m o t i n g e f f ec t on t u m o u r g r o w t h , 
while the c o r r e s p o n d i n g a n t i p o d e s showed t h e opposi te t r e n d (TYIHÁK—SZEN-
DE 1967—1970) . On the b a s i s of pro te in s y n t h e s i s i nves t i ga t i ons made on an i -
mal t u m o u r s GRAFFI et al. (1965) sugges ted reduc ing t h e q u a n t i t y of a r g i n i n e 
given to c a n c e r pa t i en t s t o a m i n i m u m , a n d t h o u g h t i t i m p o r t a n t to p r e v e n t 
t h e i n c o r p o r a t i o n of a rg in ine in pro te ins b y us ing va r ious n a t u r a l a n t a g o n i s t s 
(orni t ine, c i t ru l l ine , g lyc ine , etc .) . 
The i n f l u e n c e of a r g i n i n e on g rowth — like the s t u d y of o ther b i o a c t i v e 
subs tances — can be e f f i c i e n t l y s tudied in p l a n t t i ssue cu l t u r e s . For e x a m p l e 
in suspens ion cul tures of suga rcane cells (NICKELL—MARETZKI 1969, MA-
RETZKI et al. 1969), as well as in callus t i s s u e cul tures of r ice (FURUHASHI— 
YATAZAWA 1970) arginine w a s proved t o h a v e an i m p o r t a n t role in p r o m o t i n g 
growth . 
G u a n i d i n o - m e t h y l a t e d der iva t ives of arginine N G — m o n o m e t h y l - L -
-arginine (MMA) , NG, N G - d i m e t h y l - L - a r g i n i n e (DMA) a n d NG , N , c - d i m e t h y l -
L-arginine ( D M A ' ) have r e c e n t l y been d e t e c t e d in some a n i m a l (PAIK—KIM 
1970, 1971, BALDWIN—CARNEGIE 1971) a n d p l an t p r o t e i n s (TYIHÁK 1972— 
1973) as we l l as in a f r e e s t a t e in v a r i o u s t issues a n d biological l i q u o r s 
(KAKIMOTO—AKAZAWA 1970, TYIHÁK—PATTHY 1973). T h e role of these n a t u r a l 
amino acids i n l iving o r g a n i s m s has no t b e e n cleared u p so f a r . On t h e g r o u n d 
of the w e l l - k n o w n growth p r o m o t i n g e f fec t of arginine (SCHWERDTFEGER 1971) , 
as well as of t h e t u m o u r g r o w t h p r o m o t i n g (SZENDE et al. 1970, KOPPER et al. 
1971), and gene ra l g r o w t h p r o m o t i n g e f f e c t (TYIHÁK et al. 1971) of F-N-
m e t h y l a t e d lys ines we s u p p o s e d the g u a n i d i n o - m e t h y l a t e d arginines t o h a v e 
an i n h i b i t o r y ef fec t on g r o w t h . 
To s u p p o r t our t h e o r y we carr ied on p r e l i m i n a r y s t u d i e s concern ing t h e 
effect e x e r t e d b y L-arginine a n d its g u a n i d i n o - m e t h y l a t e d der iva t ives on t h e 
growth of t o b a c c o t issue c u l t u r e s . 
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Mater ia l and Method 
T h e test ma te r i a l used in our inves t iga t ions was a s e c o n d a r y callus t i s sue isolated f rom 
a t o b a c c o (Nicotiana tabacum L.) stem. T h e t issue consisted of a yellowish-green cell popula-
t ion , w a s of intensive g r o w t h , and on a s t a n d a r d culture m e d i u m did not show o r g a n fo rma t ion 
on ly some tissue d i f f e r en t i a t i on . 
Of the amino ac ids used L-arginine w a s a commercial p r o d u c t (Reana l Chemical Works , 
B u d a p e s t ) , while t he g u a n i d i n o - m e t h y l a t e d L-arginine d e r i v a t i v e s were p r e p a r e d by synthesis 
( B A J U S Z - P A T T H Y 1 9 7 2 ) . 
T h e aqueous so lu t i on of amino ac ids to be examined w a s sterilized b y a Seitz-f i l ter and 
a d d e d in sterile s ta te t o an agar-agar c u l t u r e medium no t y e t solidified (MAROTI 1969). The 
d i f f e r e n t amino acids w e r e applied at c o n c e n t r a t i o n s of 1.0 — 10.0 —100.0 mg/1 cu l tu re med ium. 
I n t h e Er lenmeyer d i she s each piece of t i s sue was placed on 50 ml cul ture m e d i u m , wi th an 
in i t i a l weight of 200 m g . F rom the v a r i a n t s two parallel expe r imen t s were se t u p wi th four 
rep l ica t ions each. T h e t i s sues grew for 41 and 62 days, respec t ive ly , in a t h e r m o s t a t of 28  
( ± 2 ) ° C t empera tu re w i t h a natural a l t e r n a t i o n of day and n igh t . 
To control t h e cell-morphological e f f ec t of arginine a n d i t s guan id ino -me thy la t ed der iv-
a t ives we measured t h e f r e sh weight of t h e var ian ts , and ca l cu la t ed the daily g r o w t h ra te (end 
weigh t —initial w e i g h t / n u m b e r of days) a n d the relative g r o w t h value (end we igh t — initial 
weight / in i t ia l weight). 
Study on the free amino acids of the culture medium and tobacco tissue. T h e cu l tu re medium 
or t i s sue samples were f i r s t reduced to p u l p wi th a double a m o u n t of 96 per cen t alcohol in a 
W a r i n g blendor, t h e n t h e suspension w a s cent r i fuged a t 3000 r p m . The s u p e r n a t a n t was de-
c a n t e d : t h e n the cu l tu re m e d i u m - o r t i ssue pu lp was washed aga in with a single dose of alcohol, 
and cent r i fuged. The s u p e r n a t a n t s were j o i n e d , and def in i te quan t i t i e s of so lu t ions of the indi-
v i d u a l samples d ropped in to Fixion 50 X 8 (Chinoin N a g y t é t é n y Factory , B u d a p e s t ) ion ex-
c h a n g e containing ch roma toshee t s p rev ious ly equi l ibra ted w i th sodium c i t r a t e buf fe r ( p H 
3.28, 0.02 n Na+). T h e e lu t ing buffers u sed in the p rocedure were: a) 1 n ace t ic acid - I n 
N a - a c e t a t e and 1 n N a C l a t a ratio of 1 : 1 : 1 ; b) 50 g c i t r i c acid -f- 30 g N a O H -+- 7 ml cc. 
HCl in 500 ml distilled w a t e r (TYIHAK et al. 1974), and room t e m p e r a t u r e was m a i n t a i n e d dur ing 
the opera t ion . The a m i n o acids were deve loped with a n ace tonic n inhydr in reagen t (0.5 g 
n i n h y d r i n -f- 0.05 g C u S O , • 5 H , 0 in 100 ml aceton) by w a r m i n g at 70°C fo r 10 minutes . 
Determination of the total nucleic acid and total protein contents of tobacco tissues. Alcohol 
e x t r a c t e d and dried t o b a c c o tissue s a m p l e s of 75 mg we igh t were pulpif ied w i th 5 ml cold 
(0°C) TCA of 5 per c e n t concent ra t ion for 20 30 seconds, t h e n allowed to s t a n d for 30 minutes 
a t 0°C. Af te r t h a t t h e solut ions were c e n t r i f u g e d cold (0°C) a t 7500 rpm. , t h e s u p e r n a t a n t s 
d e c a n t e d , then the t i s s u e residues t r e a t e d wi th a fu r the r 5 m l TCA in the a b o v e w a y and the 
s u p e r n a t a n t s decan ted aga in . 5 ml 5 pe r cen t concen t ra t ion TCA was poured on each t issue 
res idue , t he mix ture p u l p i f i e d for 20 m i n u t e s , then the so lu t ions were hea t ed for 20 minutes 
in a 90°C water -ba th . W h e n cooled the so lu t ions were c e n t r i f u g e d a t 7000 r p m . . and the super-
n a t a n t s pho tomet r ied b y means of a S p e k t r o m o m 201 spec t ropho tome te r a t 268.5 nm. 5 ml 
1 n N a O H solution w a s poured on each of t h e tissue res idues which were t h e n pulpi f ied for a 
shor t t i m e (30 seconds) a n d hydrolysed o v e r 48 hours at 37°C. The solutions were centr i fuged 
a t 5000 r p m . then t h e s u p e r n a t a n t e v a l u a t e d by spec t ropho tome te r at 260 a n d 280 nm. 
Results 
As seen f r o m Figs 1 and 2 a t concen t ra t ions of 10 and 100 p p m MMA 
a n d D M A ' respec t ive ly , considerable growth inh ib i t ion could be a t t a i n e d a f t e r 
62 days of cu l tu r ing compared t o t h e control. A n d Fig. 3 shows t h a t a f t e r 
62 days , with t h e h ighes t (100 p p m ) dose app l i ed , L-arginine also displayed 
g r o w t h inhibi t ion, b u t MMA and D M A ' , in the case of the same dose, showed 
a s igni f icant inh ib i t ion even c o m p a r e d with the a rg in ine . 
Tab le 1 p r e s e n t s detailed d a t a . A compar i son between t h e end weights 
de t e rmined af te r 41 a n d 62 days of cul tur ing, respec t ive ly , reveals t h a t growth 
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Fig. 1. E f f ec t of MMA ( № - m o n o m e t h y l - L - a r g i n i n e ace ta te ) on t h e growth of t o b a c c o tissue 
cu l tures . (1 control : 2 — 10 ppnt MMA; 3 100 ppm MMA) 
F i g . ' 2 J Ef fec t of D M A ' (N G , N ' G -di inethyl-L-arginine HCl) on the growth of t o b a c c o tissue 
cu l tures . (1 = control; 2 = 10 p p m DMA'; 3 = 100 ppm DMA') од j, g rg 
Fig. 3. E f fec t of L-arginine and its g u a n i d i n o - m e t h y l a t e d de r iva t ives on the g r o w t h of tobacco 
t i s sue cul tures. (1 = cont ro l ; 2 = 100 p p m L-arginine HCl; 3 100 ppm MMA; 4 100 
p p m DMA') 
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Table 1 
Effect of arginine and its guanidino-methylated derivatives on the growth of tobacco 
tissue cultures 
E n d weight Daily g r o w t h Growth i n h i b i t i o n — ) s t imula t ion ( + ) 
T rea tmen t 41 d a y s 62 d a y s 41 days 62 d a y s 41 d a y s 62 d a y s 
g mg 0/ /о 
Control 4.776 16.38 112.9 264 0 0 
A-l 4.264 — 101.6 — - 1 1 — 
A-10 4.574 16.22 107.8 261 - 5 - 1 
A-100 3.895 8.49 90.0 137 - 1 9 - 4 9 
MMA-1 4.507 — 107.6 — - 6 — 
MMA-10 2.852 9.88 66.3 159 
- 4 1 (P .%) - 4 0 ( P 1 % ) 
MMA-100 1.649 2.32 35.3 37 - 6 6 ( P I % ) - 8 7 (Р0До /о) 
DMA'- l 5.484 — 132.1 — + 1 4 — 
DMA'-10 3.578 10.23 84.4 160 - 2 6 ( P , % ) - 3 8 ( P I % ) 
DMA'-100 3.524 3.84 81.0 62 - 2 7 ( P 4 % ) - 7 7 (Po.t%) 
Signs and abbreviat ions: 
A = L-arginine; MMA = NG-monomethyl-L-arginine; DMA' = NG , N'G-dimethyl-l> 
arginine 
1 = 1 m g amino acid/lit culture liquid 
10 = 10 mg amino acid/lit culture liquid 
100 = 100 mg amino acid/lit culture liquid 
inhibi t ion by t h e guanid ino-methyla ted a rg in ines as compared to the con t ro l 
a n d the arginine is more expressed in the 62 d a y s than in t h e 41 days cu l tu re . 
As seen f r o m Fig. 4 a m i n o acids added t o tobacco t i ssue cultures g rown 
on a culture m e d i u m conta in ing the a m i n o acids in ques t ion (Arg, MMA, 
DMA') at a concen t ra t ion of 100 ppm can be po in ted out a n d ident i f ied in t h e 
alcoholic e x t r a c t , and DMA' can be found in the corresponding ex t rac t in 
par t icu lar ly l a rge quant i t ies . F ig . 5 — where a higher a m o u n t of ex t rac t was 
poured on in d rops — fu r the r shows tha t c o m p a r e d to the con t ro l ex t rac t t h e 
added amino ac id can be seen even in the DMA'—10 ( lOppm) ex t rac t . T h i s 
f igure makes i t even clearer t h a t the th ree a m i n o acids s h o w t h e fol lowing 
order of e n r i c h m e n t in the t i s sue compared t o the control : c o n t r o l + a r g i n i n e 
M M A < D M A ' (n inhydr ine sens i t iv i ty shows a reverse order !). Fig. 6 s h o w s 
t h a t arginine, MMA and DMA' can be d e m o n s t r a t e d by l aye r c h r o m a t o g r a p h y 
even in alcoholic extracts of cu l tu re media d i s t a n t from t h e t issue, and t h a t 
a lmos t in the s a m e quant i t ies as in the t issue ex t rac t s . 
After 41 a n d 62 days t h e to t a l nucleic acid and p ro te in content of t h e 
t issues was also determined, b u t differences unequivocal ly account ing for t h e 
g rowth inhibi t ion were not ob t a ined . 
5* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
3 2 0 E. T Y I H Á K et al. 
t. k J •ТЙА./Ф-
Í 2 3 4 5 б 7 8 9 1 0 
Fig, 4, E x a m i n a t i o n of alcoholic tobacco t i s sue ex t rac t s on F i x i o n 50 x 8 c h r o m a t o sheet 
(b/buffer) . (1 = 10 ppm L-arginine HCl; 2 = 100 p p m L-arginine HCl; 3 = 10 p p m MMA; 
4 = 100 p p m MMA; 5 = 10 p p m DMA'; 6 = 100 p p m DMA' ; 7 = control; 8 = L-arginine 
HCl; 9 = MMA; 10 = D M A ' . Of ex t rac t s : 0.02 ml each: of t e s t mater ia l : 2 fig e a c h ) 
Г r r p 
• m 
1 2 
. . . 
3 4 5 6 7 8 9 10 
Fig. 5. E x a m i n a t i o n of a lcohol ic tobacco t i s sue ex t rac t s on F ix ion 50 X 8 c h r o m a t o sheet 
(a/buffer) . T h e order of t h e samples is the s a m e as in Fig. 4. T h e amount of e x t r a c t used: 
0 .04 ml 
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Fig. 6. E x a m i n a t i o n of alcoholic tobacco tissue and culture med ium extracts on F ix ion 
5 0 x 8 chromato sheet (b/buffer). (1 = control ( t i ssue) ; 2 = control (cul ture medium); 3 = 
L-arginine HCl 100 ppm (tissue); 4 = L-arginine HCl 100 ppm (cul ture medium); 5 = MMA 
100 ppm (tissue); 6 = MMA 100 p p m (culture m e d i u m ) ; 7 = DMA' 100 ppm (tissue); 8 = 
DMA' 100 p p m (culture medium); 9 = amino acid t e s t s : L-arginine, MMA and DMA'. A m o u n t s 
appl ied: of tissue ex t rac t s 0.05 ml, of cu l t u r e medium ex t r ac t s 0.075 ml) 
Discussion 
Wi th ou r invest igat ions made on t o b a c c o tissue cu l tu re s — u n d e r t h e 
given expe r imen ta l condi t ions — we succeeded in conf i rming our t h e o r y 
concerning t h e growth inh ib i to ry effect of guan id ino -me thy la t ed arginines. 
The resu l t s of our inves t igat ions p r o v e t ha t in t h e case of t r e a t m e n t s 
per formed w i t h guanid ino-methyla ted a rg in ines a p e r m a n e n t inhibi t ion of 
arginine incorpora t ion , of v i t a l impor tance fo r the tobacco t issue too, r e su l t s 
in growth inh ib i t ion . The l a t t e r s t a t emen t seems to be s u p p o r t e d by the r e su l t s 
of layer ch romatograph ic examina t ions ca r r i cd out wi th t h e f ree amino ac ids 
of the cu l tu re medium and t h e tissue, according to w h i c h the guan id ino-
me thy la t ed arginines do no t decompose e v e n a f te r 62 days in the cu l tu re me-
dium, and t h e tobacco t i ssue pract ical ly c a n n o t break d o w n the guan id ino-
methy la ted arginines (main ly t h e DMA'). 
A l though f rom the f a c t t h a t a r e l a t i ve ly large a m o u n t of guan id ino-
me thy la t ed arg in ine accumula te s a day in t h e human u r ine too (KAKIMOTO— 
AKAZAWA 1970) no general conclusion can be drawn, h u t i t can be i m a g i n e d 
t h a t the guan id ino -me thy la t ed arginines — as they are no t read i ly d e m e t h y l a t -
ed — inf luence t h e lysine-arginine an t agon i sm and so form a p a r t of the n a t u r a l 
growth r egu l a to ry system. I n this sense t h e results of our inves t iga t ions m a d e 
with guan id ino-methy la ted arginines on t o b a c c o tissue m a y serve as a d d i t i o n a l 
mater ia l t o t h e " r e t i ne -p romine" ques t ion (TYIHÁK 1972, TYIHÁK—PATTHY 
1 9 7 3 ) . 
5* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
3 2 2 E. TYIHÁK et al. 
Acknowledgements 
The a u t h o r s are i n d e b t e d t o Mrs. Sándor H o r v á t h Dr. and Miss E rz sébe t Léh fo r t h e i r 
ass is tance in t h e biological e x a m i n a t i o n s , and to I s t v á n Ker tész a n d Lász ló Vögyesi fo r t h e i r 
va luab le help i n t h e chemical a n a l y s e s . 
References 
BAJUSZ, S . - PATTHY, A. (1972): E l j á r á s guanid in c s o p o r t j u k o n m e t i l e z e t t argininek e lőá l l í t á -
sára ( M e t h o d of p r o d u c i n g g u a n i d i n o - m e t h y l a t e d arginines) . M a g y . Szab., G O 1189 
( R e p o r t e d on 22 F e b r u a r y 1972). 
BALDWIN, G . S . — CARNEGIE, P . R . ( 1 9 7 1 ) : S p e c i f i c e n z y m i c m e t h y l a t i o n of a n a r g i n e i n 
the e x p e r i m e n t a l a l lergic encepha lomye l i t i s p ro t e in f r o m h u m a n myelin. S c i e n c e 
171, 5 7 9 . 
BARET, R.—MOURGUE, M.—BROC, A. (1966): A r g i n i n e IV. M e t a b o l i s m in plants . Bul l . Soc . 
P h a r m . Marsei l le , 15, 1 1 1 — 1 1 9 . 
BOORMAN, K. N.—FISHER, H. (1966): The a rg in ine - lys ine in te rac t ion in t h e chick. Br i t P o u l t r y 
Sei., 7 , 3 9 . 
CHANG, S. M. SHUNG, S. C. ( 1968) : Nut r i t iona l s t u d i e s on A c t i n o m u c o r elegáns. Bul l . I n s t . 
Chem. A c a d . Sinica, 15, 1019—1030. 
D U B E S , G. R . — MOYER, К . В . — H E L L I B U R T O N , B . L . — V A N DE BOGART. R . К . ( 1 9 6 9 ) : N u -
t r i t ion a n d t h e g rowth of h u m a n adenovi rus t y p e 1 in m o n k e y cell cul tures: i m p o r t a n c e 
of a r g i n i n e . A c t a Virol. ( P r a g u e ) , 13, 8—15. 
FURUHASHI, K.—YATAZAWA, M. (1970): Amino a c i d s as ni t rogen sources for the g r o w t h of 
rice ca l lus t issue. P l a n t a n d Cell Physiol . , 11 , 559—567. 
GRADUSOV, YU . N . (1967;: A r g i n i n e r equ i r emen t of y o u n g weanl ing p igs . Sin. Azot is tye P r e p . 
Z h i v o t n o v o d . 157—158. 
GRAFFI , A . — B U T S C H A K , G . — S C H N E I D E R . E . J . — K U H N , W . ( 1 9 6 5 ) : Ü b e r d i e P r o t e i n s y n t h e s e 
in v i t ro v o n M i t o c h o n d r i e n a u s N o r m a l - u n d T u m o r g e w e b e n . A c t a Biol. Med. G e r m a n . , 
1 5 , 8 2 6 — 8 5 3 . 
INGLIS, V. В . M. (1968): R e q u i r e m e n t for the r e p l i c a t i o n of h e r p e s v i r u s . J . Gen. V i ro l . , 3, 
9—17. 
JONES, J. D. (1964) : Lys ine - a rg in ine an t agon i sm in t h e chick. J. N u t r . , 84, 313. 
JONES, J . D . — P E T E R S B U R G , S . J . — B U R N E T T , P . C . ( 1 9 6 7 ) : T h e m e c h a n i s m of t h e l y s i n e -
arg in ine a n t a g o n i s m in t h e ch ick : Ef fec t of l y s i n e on d iges t i on , k idney a rg inase , a n d 
liver t r a n s a m i d i n a s e . J . N u t r . , 93, 103—116. 
JONES, V. M.—BOULTER, D. (1968) : Arginine m e t a b o l i s m in g e r m i n a t i n g seeds of s o m e m e m -
bers of t h e Leguminosae . N e w Phy to l . , 67, 9 2 5 — 9 3 4 . 
KAKIMOTO, Y.—AKAZAWA, S. (1970) : Isolat ion a n d iden t i f i ca t i on of № , № - and № , N ' G -
d i m e t h y l a r g i n i n e , N e - m o n o , di- , and t r i m e t h y l - l y s i n e , a n d g lucosyl - and g a l a c t o s y l -
h y d r o x y l y s i n e f rom h u m a n u r ine . J . Biol. C h e m . , 245, 5 7 5 1 — 5 7 5 8 . 
KOPPER, L . — S Z E N D E В . — L A P I S К . — T Y I H Á K E . ( 1 9 7 1 ) : E x a m i n a t i o n o f t h e t u m o u r g r o w t h 
p r o m o t i n g e f fec t of E-N- t r ime thy l - lys ine . A n a u t o r a d i o g r a p h i c s tudy . N e o p l a s m a . 
18, (3), 251—256 . 
K u z ' MENKO, M. I . (1969): E f f e c t of amino acids o n t h e p r o d u c t i v i t y of some species of b l u e 
green a l g a e . " T s v e t e n i e " V o d y 69—89. 
LERCH, B . — S T E G E M A N N , H . ( 1 9 7 0 ) : V a r i a b i l i t ä t d e r f r e i e n A m i n o s ä u r e n i n Z u c k e r r ü b e n b l a t -
t e rn , i n s b e s o n d e r e A b h ä n g i g k e i t des G l u t a m i n s ä u r e - u n d A s p ä r a g i n s ä u r e g e h a l t s v o n 
der B e l i c h t u n g . L a n d w . F o r s c h g . , 23, 181—186 . 
MARETZKI, A. — NICKELL, D. G . — Т н о м , M. (1969) : Argin ine in g r o w i n g cells of s u g a r c a n e . 
N u t r i t i o n a l e f fec t , u p t a k e a n d inco rpora t ion i n t o pro te ins . P h y s i o l . P lan t . , 22, 827— 839. 
MAROTI M. (1969 ) : A s z ö v e t t e n y é s z e t e k n ö v e k e d é s e és az e x p l a n t á t u m o k súlya, f a j a k ö z ö t t i 
k a p c s o l a t ( R e l a t i o n s h i p b e t w e e n the g r o w t h of t issue c u l t u r e s and the w e i g h t a n d 
species of e x p l a n t a t e s ) . B o t . Közi . , 56, 8 5 — 9 2 . 
NICKELL, L. G.—MARETZKI, A . (1969) : Growth of suspens ion c u l t u r e s of sugarcane cel ls in 
c h e m i c a l l y def ined m e d i a . Phys io l . P l an t . , 22 , 117—125. 
O ' D E L L , B . L . — S A V A G E , J . E . ( 1 9 6 6 ) : A r g i n i n e - l y s i n e a n t a g o n i s m i n t h e c h i c k a n d i t s r e l a -
t i onsh ip t o d i e t a r y c a t i o n s . J . N u t r . , 90, 364. 
PAIK, W. K . — K I M , S. (1970): e - N - m e t h y l a r g i n i n e i n h is tones . B i o c h e m . Biophys. R e s . Com-
m u n . . 40 , 224—229. 
PASS, L . — R A Z Y N S K A - B O J A N O W S K A , K . ( 1 9 6 9 ) : A r g i n i n e i n v i o m y c i n b i o s y n t h e s i s . A c t a 
B i o c h e m . P o l . , 1 6 , 2 9 7 — 3 1 1 . 
Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
EFFECT OF GTJANI DI NO-METHYLATED ARGININES 3 2 3 
PILLAI, N . G.—SHANTA, P. (1968): Free a m i n o acids in c o c o n u t pa lms a f f ec t ed b y rot . Cur-
r e n t Sei.. 34, 6 3 6 — 3 7 0 . 
PLÉSKOV, В. P.—VIL'YAMS, M. V. (1965): T h e fo rmat ion a n d t h e con ten t of a m i n o acids under 
d i f f e r e n t c o n c e n t r a t i o n s of inorganic P , and the role of a r g i n i n e in p lan t s . D o k l . T a k h a , 
103, , 263—269. 
ROBERGE, A.—CHARBONNEAU, R. (1969): Metabo l i sm of a m m o n i a . I I . D i s t r i b u t i o n of ammo-
n i u m ion, a rg in ine , ci t rul l ine, and u r e a in various t i s s u e s f r o m normal r a t s in toxicated 
w i t h ammonia a n d p ro t ec t ed wi th a rg in ine . Rev. Can . Biol . . 28, 1—8. 
R O G E R S , Q . R . — C H E N , D . M . M . Y . H A R P E R , A . E . ( 1 9 7 0 ) : I m p o r t a n c e of d i s p e n s a b l e a m i n o 
ac ids for m a x i m a l g r o w t h in the r a t . P roc . Soc. E x p . Bio l . Med., 134, 517—522 . 
ROUSE, H . C.—SCHLESINGER, W. R. (1967) : A n arginine d e p e n d e n t step in t h e m a t u r a t i o n of 
t y p e 2 adenovi rus . Virology, 33, 5 1 3 — 5 2 2 . 
SCHWERDTFEGER. E . (1971) : Neuere E r g e b n i s s e über die Ro l l e des Arginins im pflanzlichen 
u n d tierischen S t o f f w e c h s e l . Qual . P l a n t . Mater.. 20, 3 4 7 — 3 5 3 . 
S Z E N D E , В . — T Y I H Á K E . — K O P P E R L . — L A P I S К . ( 1 9 7 0 ) : T h e t u m o u r g r o w t h p r o m o t i n g e f f e c t 
of e -N- t r ime thy l l y s ine . Neop lasma , 17, 433—434. 
TYIHÁK, E.—SZENDE, В. (1967—1970): E l j á r á s t umorgá t l ó báz ikus növényi f ehé r j ék elő-
á l l í tására (Method of producing b a s i c p l a n t proteins i n h i b i t i n g tumour g r o w t h ) . Hung. 
P a t . No. 158 9 7 9 . 
T Y I H Á K , E . — M A R Ó T I , M . VÁGÚJFALVI, D . ( 1 9 7 1 ) : A z e - N - d i m e t h y l - l y s i n e h a t á s a d o h á n y 
szöve t t enyésze t ek re (Ef fec t of f -N-d ime thy l - l y s ine o n tobacco tissue cu l tu re s ) . Bot . 
K ö z i . , 5 8 , 8 5 — 8 8 . 
TYIHÁK, E . (1972): Met i l eze t t , bázikus f e h é r j e - a m i n o s a v a k e l ő f o r d u l á s a és f e l t é t e l e z e t t szerepe 
az élő sze rveze tekben (Occurrence a n d possible role of m e t h y l a t e d basic p r o t e i n amino 
ac ids in living o r g a n i s m s ) . Magy. K é m . Lapja , 27, 549 — 556. 
TYIHÁK, E.— PATTHY, A. (1973): On t h e chemica l nature of " p r o m i n e " and " r e t i n e " . Acta 
Agronomica A c a d . Sei. Hung. 22, (3 — 4) 445 — 458 
TYIHÁK, E . (1972—1973): Különleges n ö v é n y i fehérjék izo lá lása és jellemzése ( I so la t ion and 
charac te r iza t ion of specif ic p lan t p ro te ins ) . (Manusc r ip t ) . 
T Y I H Á K , E . — V Á G Ú J F A L V I , D . — Z O L T Á N , S . — HAZAI , I . — F E R E N C Z I , S . ( 1 9 7 4 ) : S e p a r a t i o n o f 
m e t h y l a t e d a r o m a t i c and basic a m i n o acids on c h r o m a t o s h e e t s c o n t a i n i n g ion ex-
changers . J . C h r o m a t o g r . (in p r e p a r a t i o n ) . 
5* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 

Ada Agronomica Academiae Scientiarum Hungaricae, Tomus 24 (3—4), pp. 325 — 334 (1975) 
STUDY ON THE EFFECTS OF ECOEOGICAL FACTORS 
ON SOLANUM DULCAMARA 
By 
I . MÁTHÉ J R . , G Y . TÓTH, S. V A J D A , I . MÁTHÉ 
B O T A N I C A L R E S E A R C H I N S T I T U T E O F T H E H U N G A R I A N ACADEMY OF S C I E N C E S , 
V Á C R Á T Ó T ; A L K A L O I D A P H A R M A C E U T I C A L F A C T O R Y , T ISZAVASVÁRI 
The a u t h o r s studied the h a b i t a t dependent product ivi ty of p l a n t s tands propa-
gated vegetat ively from a Solanum dulcamara L. t a x o n containing solasodine and sola-
dulcidine besides tomatidenol as t h e main aglycon. They found t h a t b o t h the plant 
weight and the alkaloid product ion were highly inf luenced by the ecological factors. 
They a t tempted to express this e f f ec t of the ecological factors (first of all precipitation 
and soil) on produc t iv i ty in a way suitable for compar ison. 
In t roduc t i on 
I n v e s t i g a t i o n s i n t o the c h e m i c a l compos i t ion and geograph ica l dis tr ibu-
t i on of Solanum dulcamara r evea l ed t h a t on t h e bas i s of the s t e r o i d alkaloids 
t o m a t i d e n o l , so lasod ine a n d s o l a d u l c i d i n e o c c u r r i n g i n t h e p l a n t s t h r e e chemotaxa 
c a n b e d i s t i n g u i s h e d (ALKEMEYER—SANDER 1 9 5 9 , BOGNÁR—MAKLEIT 1 9 6 5 , 
K O Z U M E K — S A N D E R 1 9 6 2 , D E R S C H — S A N D E R 1 9 6 2 , SANDER 1 9 6 3 b SCHREIBER — 
RÖNSCH 1963). T h e designat ion of t h e t axa n a m e d a f te r the a b o v e alkaloids 
r e fe r s t o t h e c o m p o n e n t s occurr ing in the l a rges t q u a n t i t y in t h e respect ive 
p l a n t s . RÖNSCH et al. (1965), SCHREIBER—RÖNSCH (1965), WILLUHN (1966) 
give a n account of t a x a con ta in ing t h e above c o m p o n e n t s in a p u r e s ta te . 
O u r i nves t i ga t i ons made so f a r (MAKLEIT et al. 1967, MÁTHÉ—MÁTHÉ J r . 
1970, MÁTHÉ J r . 1970, MÁTHÉ—MÁTHÉ J r . 1972) sugges t t h a t t a x a conta in ing 
a s ingle c o m p o n e n t — if they e x i s t a t all — a re v e r y rare. A l t h o u g h Solanum 
dulcamara can be f a r be t t e r c h a r a c t e r i z e d by t h e occurrence of more t h a n 
one a lka lo id , a d i s t i nc t i on is j u s t i f i e d among t h e d i f fe ren t c h e m o t a x a on t h e 
bas is of t h e c o m p o n e n t found in t h e highest q u a n t i t y . In t h e c o u r s e of f ru i t 
a n a l y s e s BOLL—ANDERSEN (1962) , t oo , po in ted o u t the s i m u l t a n e o u s occur-
r e n c e of t h e i n d i v i d u a l c o m p o n e n t s . 
S tud ie s — p a r t l y of ecological n a t u r e — c a r r i e d out so f a r r e v e a l e d cer ta in 
d i f f e r e n c e s a m o n g t h e taxa f o u n d in var ious h a b i t a t s (BOGNÁR—MAKLEIT 
1 9 6 5 , R O Z U M E K — S A N D E R 1 9 6 7 , SANDER 1 9 6 3 b , M Á T H É — M Á T H É J r . 1 9 7 2 ) . 
Bes ides e s t ab l i sh ing t h e d i f fe rences due to t h e geographical d i s t r i b u t i o n t h e 
a u t h o r s have a r r i v e d a t the conc lus ion t h a t t h e c h e m o t a x a a r e genetically 
f i x e d as for the i r c h e m i c a l c h a r a c t e r , so the l a t t e r c a n be cons ide red a p roper ty 
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i n d e p e n d e n t of the ecological ef fects . The examina t ions have f u r t h e r disclosed 
(MÁTHÉ—MÁTHÉ J r . 1970, MÁTHÉ J r . 1970, MÁTHÉ—MÁTHÉ J r . 1972) tha t 
the alkaloid con ten t s of the ind iv idua l plant o r g a n s vary to a g r e a t extent 
accord ing to the deve lopment s t age and ecological conditions of t h e plant . 
B e y o n d the alkaloid con ten t the ecological factors na tu ra l ly exercise a consid-
erable influence on t h e quan t i t y of plant o rgans , too. From a m o n g the 
ecological factors t h e effects of t h e hab i t a t — m o r e closely: t h a t of the soil 
on Solanum dulcamara plants will be discussed in this paper. 
Material and Method 
For our comparat ive studies we p roduced two stands f r o m the same p lan t b y vegetative 
propagat ion on 28th May 1971. Our p l a n t s provided a m a t e r i a l roughly of ident ica l value 
conta in ing solasodine a n d soladulcidine bes ide the main ag lycon tomatidenol. T h e two stands 
were planted close to each other (at a d i s t ance of about 30 — 40 m), but in soils of different 
charac te r ; this way similar meteorological and even microcl imat ic conditions were ensured. 
The m a j o r soil properties of the two sites are shown in Table 1, d a t a on the depths of 0 —10 and 
10 — 20 cm are given separa te ly . 
Table 1 
Soil data of the A- and B-plots of Solanum dulcamara* 
Basic analytical d a t a 
A-habitat s a n d y 
soil 0 - 1 0 c m 
A-habitat sandy 
soil 10 20 cm 
B - h a b i t a t heavy 
soil 0 — 10 cm 
B - h a b i t a t h e a v y 
soil 1 0 - 2 0 cm 
p H in water 7.5 7.6 8.0 8.0 
p H n KCl 6.9 6.8 7.7 7.7 
У1 1.0 1.0 0.7 0.7 
CaC0 3 % traces traces 6.5 7.1 
humus % 1.5 1.5 5.6 4.8 
Q 1.939 2.500 4.458 6.731 
N % 0.021 0.018 0.084 0.072 
N H j - N mg/100 g 0.2 0.2 0.3 0.4 
NO.,—N mg/100 g 0.2 0.6 4.4 3.3 
К - О mg/100 g 20.5 9.4 7.3 6.3 
P , 0 5 mg/100 g 28.6 30.0 17.0 4.4 
* We thank Dr. M. Kovács for the soil analysis. 
As seen from the tab le , in plot B) t h e amounts of C a C 0 3 , humus and ni t rogen were 
essentially larger than in plot A). In the l a t t e r the quanti t ies of potassium and phosphorus 
were higher. Thus, plot B) can be s imply characterized as a h a b i t a t of heavier humous soil, 
while plot A) as one wi th a light sandy soil. Since we have f o u n d (MÁTHÉ —MÁTHÉ J r . 1972) 
tha t t he water contents of t he soil also has an important role we complete the character izat ion 
of the hab i ta t s by presen t ing the a m o u n t of precipitation f r o m April to the h a r v e s t of the 
p lants (Table 2). ' 
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Table 2 
Precipitation (mm) on the experimental area at Vácrátót 
from the beginning of the vegetation period until collection for analysis 
1971 1972 
April 34.9 115.8 
May 114.6 159.5 
J u n e 77.5 86.0 
Ju ly 56.0 83.9 
Total 283.0 445.2 
F o r t b e evaluation of t h e ecological e f fec t s we collected d r u g s f r o m both plots o n 18th 
Ju ly 1971 a n d 21st Ju ly 1972. We processed 15 p l a n t s from each p lo t by weighing t h e fresh 
weight of t he different organs, measur ing the t o t a l length of the s h o o t s and — af ter d r y i n g at 
70°C — weighing the dry we igh t of the organs. W e performed a t i t r i m e t r i e de t e rmina t ion of 
the alkaloid con ten t in each o rgan of each p l a n t . Ti t rat ion was car r ied out with p- toluol-
sulphonic acid in chloroform, in t h e presence of dimethyl-yellow as ind ica tor , after a low con-
cent ra t ion acidic extract ion a n d acidic hydrolysis of the analytically measured q u a n t i t y of the 
drug. De ta i l s of our procedure were given earlier (MÁTHÉ Jr . 1970). 
Resul ts 
T h e effect exerted b y the hab i t a t on the plant o r g a n s was s t u d i e d on 
second y e a r p lants collected on 21st J u l y 1972. Tables 3 a n d 4 show the a v e r a g e 
da ta of t h e organs of 15 p l a n t s from each of plots A) a n d B). 
T h e q u a n t i t y of t h e p l an t organs decreased, i ndependen t ly of t h e habi -
t a t , in b o t h plots in t h e following o r d e r : s tem, leaf, g reen frui t , r oo t , ripe 
frui t , as shown by e i ther t h e fresh or t h e d r y weights. W h e n compar ing the 
two h a b i t a t s we found plot. В) superior t o p lo t A) in bo th t h e quan t i t y of o rgans 
Table 3 
Average yield data of plants from plot A) in 1972 
Plant parts 
Weight (g) Alka lo id 
fresh d r y % t o t a l (mg) 
Leaf 108 ± 35 25 ± 8 0.88 220 
Stem 218 ± 88 76 ± 31 0.19 144 
Green fruit 100 ± 61 13 ± 21 0.57 74 
Ripe fruit 2 1 + 8 5 + 2 0.31 15 
Root 27 ± 10 0.18 49 
Total 1 4 6 ± 50 502 
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a n d the tota l weight of p l a n t s except the r ipe f ru i t . T a k i n g the percentage 
d is t r ibut ion of t h e dry weight a m o n g the p l a n t organs (Fig. 1) into considera-
t i o n we have f o u n d no s u b s t a n t i a l difference be tween the t w o habi ta ts ; t h u s , 
t h e differences in weight p r o d u c t i o n between t h e habi ta t s a p p e a r propor t ion-
a t e l y in the p l a n t organs. T h e f r e s h weight d a t a — while on ly referring to t h e 
above-ground p a r t s — show a higher d i f fe rent ia t ion concern ing dis t r ibut ion 
of t h e plant o rgans . This is expressed by t h e r a t i o of fresh weight -dry weight , 
50-
60-
Щ 'A" habitat 
I |'B" habitat 
30-
20 
10 - ! J 
Leaf Stem Green Ripe Root 
f ru i t 
Fig. 1. Pe r cen t age d i s t r ibu t ion of dry weights of Solanum dulcamara plant organs 
t oo . While in t h e order of l e a f , s tem, green f r u i t , ripe f ru i t t h i s ratio was 5 .1 ; 
3.6; 5.9; 4.0 in p lot B), it was 4 .3 ; 2.9; 7.7; 4.2 in plot A); t h a t is, with the leaf 
a n d stem t h e r a t i o of des iccat ion was much g rea te r in plot B) t han in plot A) , 
while in the case of the green f r u i t it was t h e other way r o u n d . As seen f r o m 
t h e above t h e green fruit c o n t a i n s an essent ial ly larger a m o u n t of water t h a n 
t h e ripe f ru i t . 
Tables 3 and 4 show t h e percentage a n d total a lkaloid contents of t h e 
individual o rgans . The p e r c e n t a g e propor t ion of alkaloid contents to t o t a l 
d r y weight decreases as fol lows : leaf, green f r u i t , ripe f ru i t , roo t , stem. In t h e 
l a t t e r two o rgans the values a r e roughlv t h e same. If, on t h e other hand , we 
consider the t o t a l alkaloid c o n t e n t s in the d i f fe rent organs we find t h a t t h e 
highest q u a n t i t y of alkaloid was produced b y the leaves in both plots; b u t 
while in plot A) the decrease of the a lkaloid contents in t h e other o rgans 
showed the following order : s t e m , green f r u i t , root, dry f r u i t , in plot B) t h e 
order of decrease was: green f r u i t , stem, roo t , d ry frui t . T h e difference in t h e 
order of a lkaloid product ion b y the stem a n d green f ru i t c a n be traced h a c k 
Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
EFFECTS OF E C O L O G I C A L FACTORS 3 2 9 
Leaf Stem Green Ripe Root 
fruit 




Totol shoot - length 
Fig. 3. Dry weight of leaf as a f u n c t i o n of the total shoot-length per p l a n t 
to a difference in the total quantity of these organs in the two habitats. The 
percentage distribution per plant of the alkaloid content of the individual 
organs is shown in Fig. 2. 
In Tables 3 and 4 the variance of weight production indicates tha t even 
the material originating from the same plot was highly variant. Omitting the 
presentation of measuring data concerning the individual plants we have 
plotted the dry weights of the different plant organs as a function of the total 
length of the shoots (Figs 3—5). (The average total shoot-lengths per plant 
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Weight /g 
10 20 30 2,0 50 m 
Tota l shoot - length 
Fig. 4. Dry weight of stem as a function of the t o t a l shoot-length per plant 
10 20 30 AO 50 m 
Tota l shoot - length 
Fig. 5. Dry weight of green frui t as a function of t he to ta l shoot-length per plant 
in plot A) and B) are contained in Table 5.) The figures reveal that in plot 
A) the dry weights of leaf, stem and green fruit as a function of the total length 
of the shoots varied — increased — more rapidly than in plot B) — as also 
shown by the regression coefficients of the regression equations expressing 
the changes. The quotients of the regression coefficients of leaf, stem and 
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Table 4 
Average yield data of plants from plot B) in 1972 
Plant par ts 
Weight (g) Alkaloid 
fresh d ry % total (mg) 
Leaf 184 ± 99 36 ± 20 0.74 266 
Stem 363 ± 182 102 ± 51 0 . 1 1 112 
Green fruit 142 ± 93 24 ± 19 0.65 156 
Ripe fruit 8 ± 7 2 ± 1 0.33 7 
Root 32 ± 9 0.25 80 
Total 196 ± 85 621 
Table 5 
Yield data of Solanum dulcamara stands in two different habitats 
Year of collection 
1971 I 1972 
Total length of shoots (m) 
Plot A) 2.7 14 
Plot B) 2.2 28 
Tota l above-ground dry weight (g) 
Plot A) 13 119 
Plot B) 32 164 
Tota l above-ground alkaloid content 
(mg) 
Plot A) 60 453 
Plot B) 191 541 
green fruit for plots A) and B) are 2.38, 2.25 and 2.27, that is, the values 
characteristic of the individual organs are nearly the same. As for the change 
in production, the second-year plants — in 1972 — were found to be more 
favourable in plot A) in spite of the fact that the average values of weight 
were higher in plot B). To understand the above apparent contradiction we 
have to examine the effects of the habitats A) and B) under the climatic condi-
tions of the year 1971. InTable 5 some average data on the production of first-
year plants are compared with the corresponding data of 1972. 
In this table the data of the average total shoot-length per plant , the 
total dry weight of the above-ground parts and the amount of alkaloid contained 
in them show a substantial growth in 1972 compared to the first year stand 
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for both plots. The table fur ther reveals tha t the production of plot B) was 
higher in both years. The difference between the effects of the two habitats, 
tha t is, between the production results of the two plots, showed in 1972 a 
decreasing tendency compared to 1971. Expressing the changes in the dry 
weights of the above-ground parts as a function of the per plant total shoot-
length of the 15 samples taken from each of the two plots for the analyses, 
the correlations can be determined by the following regression equations: 
In 1971 A) habitat y = 4.4 X + 1.6 
В) habitat у = 10.Ox + 3.9 
In 1972 A) hahitat y = 1 0 . 3 x + 1 3 . 4 
B) habitat y = 5.5 X + 10.0 
As seen from the above in 1971 the regression coefficients had a higher 
value in plot B), while in 1972 in plot A), which seems to express that under 
the climatic conditions of the year 1971 the ecological factors of plot B), 
while in 1972 those of plot A) were more favourable for the productivity of 
plants, as suggested also by Table 5. Thus the regression coefficients seem to 
be suitable for evaluating the year-by-year changes of the ecological effects 
exerted on the perennial Solanum dulcamara, therefore, we think it reasonable 
to express the changes in the quantity of the individual plant organs, or in the 
total amount of the above-ground parts, as a function of the total length of 
the shoots developed in the given year from plants previously cut back, and 
characterize the productivity of the habitat in the given year with the regres-
sion coefficient of the linear correlation thus obtained. The differences between 
these regression coefficients (expressing, in fact , the change of weight produc-
tion per unit shoot-length) — during our investigations — show the dif-
ferences between the ecological effects, considering that the plant stands 
obtained by vegetative propagation were genetically, from the point of view 
of ontogenesis too, of the same age. Since in the case of a perennial S. dulcamara 
the production is influenced not only by current factors but also by effects 
from the previous year, so from the production results (e. g. weight) of a certain 
year we cannot directly conclude on the favourable or unfavourable nature 
of the habitat. The regression coefficients, however, seem to offer a possibility 
of evaluating and comparing the ecological effects of successive years. 
Discussion 
In the course of studying the influence of the habitat we found plot B) 
to display higher production values than plot A) both in 1971 and 1972. The 
difference between the two plots was, however, essentially smaller in 1972, 
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as shown also by the above characterized regression coefficients, too. In our 
opinion the difference between the effects of the two habi ta ts can be explained, 
first of all, by the substantial difference in the amounts of precipitation from 
the beginning of the vegetation period to the harvest of the plants. In 1972 
the extremely large amount of precipitation caused an excess of moisture in 
the heavy soil of plot B), while on the sandy soil of plot A) exerted a favourable 
effect. In 1971, on the other hand, the lower amount of precipitation — while 
providing better moisture conditions in the soil of plot B) — was not sufficient 
for plot A) owing to the light, sandy character of its soil. The unfavourable 
effect of the excess soil moisture occurring in plot B) in 1972 corresponded to 
our earlier observations concerning the flood areas (MÁTHÉ—MÁTHÉ J r . 1972). 
The influence of the habitat on the weight production caused little change 
in the dry weight ratios of the different plant organs, while the fresh weight 
values showed obvious differences. On the higher moisture content soil the 
leaf and stem showed a higher rate of desiccation while with the green fruit 
it was the other way round. In the latter the ripening stage also has an influence 
on the rate of desiccation inasmuch as the ripe fruit always contains less water, 
than the green one, so in the case of the fruit the moisture content is more dif-
ficult to bring into direct relation with the ecological effects; it seems to be 
necessary, however, to s tudy it in connection with the processes of ripening. 
When comparing the average alkaloid percentages of the different plant 
parts in the two habitats Ave find that in habitats characterized by higher regres-
sion coefficient values the leaf and stem show higher alkaloid percentages. 
The alkaloid content of the fruit is also influenced by the stage of ripening 
(SANDER 1963a, WILLUHN 1967), so any correlation of this kind is very difficult 
to establish. 
As to the joint action of soil and climatic conditions on the weight as 
well as percentage and total alkaloid production of Solanum dulcamara, our 
investigations have revealed that on our experimental area the better properties 
of the soil found on one occasion to he more favourable from the aspect of 
production do not come into full display when the climatic conditions — first 
of all the amount of precipitation — are not satisfactory. 
To compare the effects of the ecological factors we deem it useful to 
determine the total shoot-lengths of a number of plants collected from a given 
site, and plot the weights of leaf, stem, etc. as their function. The regression 
coefficient of the equation expressing the correlation seems to be suitable for 
the numerical characterization of the ecological effects in the given year. 
Inasmuch as the usefulness of these regression coefficients in characterizing 
the habitat of S. dulcamara proves true in further investigations, it would be 
justified to employ them, as coefficients indicating the productivity of leaf, 
stem, etc., for the concise characterization of the habitat. 
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WHAT IS THE POSSIBLE ROLE OF GIBBERELLIN IN 
THE BREAKING OF POTATO DORMANCY? 
I. P H Y S I O L O G I C A L EFFECTS O F GA 3 ON C A R B O H Y D R A T E METABOLISM, 
AMYLASE ACTIVITY AND R E S P I R A T I O N I N S P R O L T I N G P O T A T O 
By 
I . SZALAI, M . NAGY, M. H E L F R I C H 
DEPARTMENT OF PLANT PHYSIOLOGY OF ATTILA J Ó Z S E F UNIVERSITY, S Z E G E D 
The possible role of GA3 in carbohydra te m e t a b l i s m , amylase a c t i v i t y and the 
promotion of resp i ra t ion was s tud ied . I t was found t h a t the GA3 t r e a t m e n t around 
t h e buds and f u r t h e r , increases t he respirat ion in t h e s torage tissues as compared with 
control tubers. Para l le l to the increase of the in tensi ty of respiration t h e s t a rch hydro-
lysing activity of amylase increases too , in the mos t expressed way a r o u n d the buds 
and to a less e x t e n t in parts of s to rage tissues fa r ther f r o m them. All t he se effects can-
no t be experienced if simultaneous to GA3 t r e a t m e n t A B A is in t roduced, t ha t com-
pletely inhibits t h e generating e f fec t of GÀ3. The a m o u n t of reducing sugar depends 
only to a negligible ex t en t on the increase of pH caused by GA3 t r e a t m e n t , much more 
u p o n the GA3 concentrat ion. U n d e r sterile condit ions experiments ca r r i ed out with 
t issue slices of p o t a t o tubers proved t h a t the effect of GA3 appears in increasing the 
" d e novo" synthes is of amylase molecules. The a m y l a s e synthesis i nduc ing effect of 
GA3 can be compensa ted by ABA. 
Introduction 
The best known of the physiological effects of the gibberellins are their 
stimulating effects, such as those breaking dormancy (BRIAN 1959) or stimulat-
ing germination ( S Z A L A I — N A G Y 1968, B R I A N — H E M M I N G 1955) but their 
role in influencing enzymatic transformations is less well known (HAYASHY 
1940, P A L E G 1960). A recurrent idea in the literature is that the enzymatic 
activity of the endosperms of germinating seeds depends on the enzymes se-
creted by the embryo and diffusing into the endosperm. 
In their experiments on barley grain (KIRSOP—POLLACK 1 9 5 8 , POLLACK 
1958) found a positive correlation between the presence of the embryo and 
the amylase of the endosperm. After the removal of the embryo the amylolytic 
function of the endosperm was strongly decreased. However, it is not directly 
the amylase which is secreted from the embryo, but some other substance. 
This conception was supported by the observations of the Japanese research 
worker HAYASHI ( 1 9 4 0 ) , who was to increase the amount of extractable amyl-
ase by the addition of exogenous gibberellin (GA3) to germinating barley 
grains, without initiating or enhancing the activity of the enzyme a t the same 
time. The conception thus developed that the increase of the concentration 
of amylase in the endosperm of the germinating barley grain can be attributed 
to the effect of gibberellin of embryonal origin. S A N D E G R E N — B E L I N G (1958) 
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amino a c i d s sugars 
Fig. 1. The assumed effect of exogenous gibberellin 011 the metabolic changes of potato tubers 
in a dormant s t a te . Explanation in the text 
succeeded in promoting the germination of intact barley by GA3. According 
to POLLACK ( 1 9 5 8 ) this gibberellin effect is restricted only to the embryo. 
The experimental results mentioned, and many others too. clearly permit 
the conclusion tha t , as in germinating barley, endogenous gibberellin may also 
play an important part in the processes of activation of buds in a state of 
dormancy. These results further promt the carrying out of investigations to 
confirm this assumption in the storage tissues of gibberellin-treated potato 
tubers. 
Since it has proved possible in a number of cases to break the dormancy 
of buds by treatment with exogenous gibberellin, the idea naturally arises 
tha t a part might be played in the initiation of the "sprouting" of the potato 
tuber by the endogenous gibberellins. Setting out from the generally accepted 
fact that dormant buds, including those of the potato tuber, are extremely 
poor in growth stimulating substances, while they abound in growth inhibitors, 
it is assumed tha t when the potato tuber begins "sprouting", either sponta-
neously or as a result of some artificial action, the proportions of the regulating 
substances change. A significant accumulation of gibberellin and auxin can be 
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detected in the surface l ayers of the t u b e r , and ma in ly in the v ic in i ty of the 
buds and a t the same t i m e the a m o u n t of inhibitors decreases. This f a c t was 
conf i rmed earlier in t h e case of tubers s t imula ted to s p r o u t with r ind i t e . 
Our working hypo thes i s with r ega rd to the s t u d y of the ho rmona l effect 
of gibberellin is out l ined in the following scheme (Fig . 1). 
I t is assumed t h a t on the add i t ion of exogenous gibberellin metabo l ic 
changes begin in the d o r m a n t buds, w h i c h lead to sp rou t ing . The exogenous 
gibberellin makes up fo r the missing gibberel l in-synthesizing abi l i ty of the 
Fig. 2. The reaction of excised dormant buds to GA3 and ABA. The GA3 and ABA were in-
troduced on an agar medium acting as substrate. The photo was t aken 12 days a f t e r setting 
up the experiment 
Fig. 3. The effect of GA3 and ABA introduced into intact tubers via glass capillaries on the 
sprouting of buds 
d o r m a n t buds , and by d i f fus ing into t h e tissues it i n i t i a t e s the hydro lys i s of 
the s tored substances (pro te ins , s tarch). T h e mobilized substances ( amino acids, 
sugars) a re then t r ans loca t ed into the b u d s and begin growing. 
W i t h the aim of ver i f ica t ion our exper iments w e r e established on agar 
media conta in ing GA3 a n d ABA; it w a s observed t h a t t h e buds ge rmina t ed 
rapidly compared with t h e control due t o the action of GA 3 , whereas t h e ABA 
main ta ined the d o r m a n c y fur ther . On t h e joint a d d i t i o n of GA3 a n d ABA, 
the g rowth could be comple te ly repressed, depending on the p ropor t ions of 
the add i t ives (Fig. 2). 
This exper iment w a s repeated w i th in tac t tubers , when the ac t ive agent 
was i n t roduced via glass capillaries (Fig. 3). Similar r e su l t s were ob t a ined . 
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Materials and Methods 
Respiration. 5 po ta to tissue cy l inders with buds a n d 5 without, p r e p a r e d with a 6 m m 
d i a m e t e r cork borer , were incubated a t 28 °C in the d a r k for 20 hr in a s ter i le Petri dish, on 
d o u b l e filter paper moistened with 3 m l sterile water or wi th 3 ml of a solut ion containing 
200 gamma GA3. T h e respiration in tens i t ies of the t issue cylinders were de te rmined in a W a r -
b u r g vessel, in a s imi la r liquid, a f te r 24, 32, 40, 48, 56 a n d 64 hours. T h r e e parallel series of 
exper iments were ca r r i ed out. At t h e e n d of each expe r imen t the weight of the tissues w a s 
measu red . 
Sugar analyses. 1 gram a m o u n t s of tissue cyl inders kept under t h e experimental con-
d i t ions described a b o v e were homogenized in a Po t te r a p p a r a t u s after 24, 32, 40, 48, 56 a n d 
64 hours ; the v o l u m e was made u p t o 10 ml with bidis t i l led water and, a f t e r the addition of 
1 g r a m Amberlite I , R-120-H ion-exchange res in(f requent shaking for 15 m i n u t e s ) , the mix tu res 
were filtered. The r educ ing sugar was determined photometr ica l ly in a de f in i t e amount of t h e 
f i l t r a t e . 
Amylase activity. The amylase ac t iv i ty was es tab l i shed by i n c u b a t i n g with the same 
a m o u n t of soluble s t a r c h in 0.15 M p h o s p h a t e buffer ( p H 7.0) for 20 m i n u t e s at 40 °C. T h e 
r e d u c i n g sugar was determined a f te r t h e reaction was s topped ( S Z A L A I — F R E N Y Ó 1 9 6 2 ) . 
Chromatography. Amounts corresponding to 50 /Л were transferred t o Sch-Sch 2043/b 
p a p e r from the gibberell in-treated a n d un t rea ted (control) tissues, equi l ib ra ted at 25 °C above 
a m i x t u r e of b u t a n o l : acetic acid: w a t e r (V/V 4 : 1 : 5 ) , a n d then chromatographed . The spots 
were sprayed wi th ani l ine-diphenylamine phosphate r eagen t , and the b reak-down produc ts 
were determined. 
The GA3 so lu t ion used in t h e experiments was f reshly prepared, a n d the water was 
bidist i l led. For p u r p o s e s of steril ization, streptomycin w a s added to t h e t e s t solution in all 
exper iments . 
Results 
The first measurable signs of the effect of the gibberellin are the sudden 
increase of the intensity of respiration, and the rapid hydrolysis of the starch. 
Therefore it was necessary to measure the respiration activity of the tubers. 
0 2 consumption in the different tests was measured in the usual way with a 
Warburg manometer, and the results obtained were referred to 1 gram dry 
weight (Fig. 4). When the gibberellin is present, the 0 2 consumption increases 
both in the tissue cylinders containing buds and those without them, while 
in the absence of gibberellin there is no significant change in respiration inten-
si ty. 
To state the possible role of bacteria in the intensive increase of respira-
tion, germs were counted from the solutions of a Warburg flasket by agar surface 
streaking. This test has proved tha t in the presence of streptomycin during 
the 64 hour duration of the experiment the medium is practically sterile. 
Parallel to the respiration measurements, the amounts of reducing sugar 
were also determined in these same tissue cylinders, and were expressed in 
gammas per gram dry weight. Much reducing sugar is formed in the individual 
tissue samples as a result of the gibberellin treatment (Fig. 5). 
To decide whether the sugar formation came from the enzyme effect 
the experiment was repeated in a way that prior to GA3 t reatment the tissues 
cut out were p u t for 30 minutes in hot vapor. The result of the experiment 
showed that gibberellin exerts an effect upon the enzymes, therefore no sugar 
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formation is experienced in the vapor-treated tissues, i.e. glucose formation 
is a secondary process (Fig. 6). 
The sort and amount of sugar formed was determined by chromatography. 
Fructose (at Rf 0.49), glucose (Rf 0.44), maltose (Rf 0.3) were identified, and 
two saccharoselike sugar patches were found (at Rf 0.28 and 0.20), which 
have not been identified so far. 
Although GrAjj is not a strong acid, used in a higher concentration (200 
y/1). To decide whether the pH of the medium affects the formation of the 
4 0 0 -
r 3 0 0 -
3 2 0 0 -
100-
storage t i s s u e (GA) 
bud ( G A ) 
О storage t i s s u e (control) 
bud ( c o n t r o l ) 
I I I I 
24 32 40 48 64 hours 
Fig. 4. 0 2 consumption in excised potato tissues tested with GA3 in different ways and for 
different lengths of time 
reducing sugars, tissue pieces were incubated in a solution, the p H of which 
was adjusted by phosphate buffer solution to pH 3.6; 4.7; 5.9 and 7.0 however, 
in the first three cases there was no hydrolysis. Therefore it was stated that 
the amount of the reducing sugar depends much more upon the amount of 
GA3 present than upon the changes in pH caused by different concentrations. 
The aqueous control had a pH of 6.9. 
The effect of gibberellin on the activity of amylase is manifest either 
in all enzyme molecules otherwise present producing more sugar from the 
starch (activity stimulation), or in the increase of the number of amylase 
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molecules present. If the gibberellin stimulates the enzyme molecules, then 
if gibberellin and starch are added to the substrate, the sugar content must 
increase compared to that of the control without gibberellin. On the other 
hand, if the effect of gibberellin is based on the increase of the number of 
amylase molecules (attributable to synthesis de novo), then a certain amount 
of amylase must be found in the solution, since it is water-soluble. 
1400-












4 0 0 -
2 0 0 -
1 1 1 1 1 1 "" 
24 32 40 48 56 64 hours 
Fig. 5. The changes in the amount of reducing sugars in tissues treated with GA3 and the un-
t rea ted controls 
It was hoped to obtain an answer to this question from the following 
experiment. 
Tissue discs 10 mm in diameter were placed in Petri dishes, under sterile 
conditions, in the following three variations: 
(1) streptomycin + buffer (pH 6.6) + 3 ml 200 у/ml GA3 
(2) streptomycin + buffer + 3 ml H.,0 (control) 
(3) streptomycin + buffer + 3 mi H.,0. 
In all three the tissue discs were incubated for 24 hours at 22 °C and then ana-
lyzed as follows: 
bud (GA) 
bud (controll 
storage tissue (control) 
storage tissue (GA) 
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(A) In all three series the amount of sugar diffusing out was determined, 
the following numerical data being obtained: 
y reducing sugar/g fresh weight 
1 2 3 
4 3 6 3 7 5 3 6 2 
Fig. 6. The reducing sugar fo rma t ion for tissues t r e a t e d with GA3, t h o s e sterilized with v a p o r 
and the control 
(В) All three series were homogenized, the amylase enzyme content 
was extracted, and with this crude enzyme extract three series of in vitro 
experiments were carried out : 
(a) 1 ml soluble starch + 0.5 ml enzyme preparation (which derive 
from the 1st series) -f- 0.5 ml H20, 
(b) 1 ml soluble starch -(- 0.5 ml enzyme preparation (which derive 
from the 2nd series) + 0.5 ml H 2 0 (control), 
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(с) 1 ml soluble starch + 0.5 ml enzyme preparation (which derive 
from the 3rd series) + 0.5 ml 100 у/ml GA3. 
In all three series "in v i t ro" experiments were incubated for 20 minutes. 
The results were as follows: 
у reducing sugar/g fresh weight 
1 2 3 
4 6 2 3 3 2 3 6 8 
It can definitely be stated that the sugar excess in experiment (1) may 
be attributed to the synthesis de novo of the enzyme; that is, due to the action 
of gibberellin the number of enzyme molecules increased. In contrast with 
this, experiment (3) confirms that the activity of the enzyme molecules pres-
ent is not increased during a 20 minute incubation with gibberellin. 
On the basis of these results, it is assumed that gibberellin (in the absence 
of the bud) induces an increase in the number of active enzyme molecules in 
the storage tissue. 
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DETERMINATION OF BEHAVIOUR NORMS IN CATTLE 
OF VARIOUS AGE AND PURPOSE 
B y 
J . CZAKÓ 
U N I V E R S I T Y OF A G R I C U L T U R A L SCIENCES, G Ö D Ö L L Ő 
The adapta t ion of cattle of var ious age and purpose to the applied technologies, 
or in other words, t h e ex t en t of co-ordinat ion between t h e technological sy s t ems and 
the biological demands of animals can be determined in t h e f i r s t place by the behaviour 
characterist ics. The behaviour character is t ics (lying, moving , feeding, rumina t ion , 
water-drinking, defecat ion, urination) of different age calves and heifers, of cows kept 
u n d e r different condi t ions , as well as of young fa t tening bul ls of different l ive weight 
were studied. The d a t a are characteristic of the examined groups of animals, as on the 
basis of a mathematical-s ta t is t ical eva lua t ion the number of observations is sufficient 
for a generalization. T h e data reveal t h a t t he different keeping methods, if sat isfying 
the demands of the an imals , do not mod i fy the course of t h e major life processes. Under 
H u n g a r i a n conditions of calf rearing, cow keeping and f a t t e n i n g the data a re charac-
ter is t ic of the H u n g a r i a n spotted breed. As regards the t ime and f requency of lying 
and moving, and t h e number of u r ina t ions and defecat ions the different genotypes 
showed nearly the s a m e behaviour, so t h e da t a established for the Hungar ian spotted 
breed can be ex tended to other genotypes too. 
Introduction 
The reaction of a population, and within it of the different groups of 
animals to a given technology is of decisive importance in keeping farm ani-
mals. Namely, to be able to fully exploit the advantages of the industrial 
character, large-scale animal keeping methods, we have to pay greater atten-
tion not only to the directly measurable output, but also to the behaviour of 
animals indicating their capacity for self-adaptation. The animal reacts to 
the effects of the environment with different behaviour patterns. The wider 
the range of either the character or the intensity of these effects, the more 
difficult the adaptation of the animal. I t is obvious t ha t the capacity of the 
population or the individual for self-adaptation manifests itself in its behaviour 
as well. The self-adaptation capacity of the population can be registered first 
of all by the behaviour characteristics. The knowledge of the behaviour data, 
therefore, offers great help in planning and elaborating the technologies. 
Namely, the biological demands of the animals cannot be left out of consider-
ation. The interaction of animal and environment must be determined and 
— as far as possible — made measurable. In this way we shall be able to decide 
how well we have succeeded in co-ordinating the technological systems with 
the biological demands of the animals. 
On the above consideration we had better establish the behaviour char-
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acteristics which are of decisive nature. Each animal has behaviour norms 
characteristic of the species, and within this behaviour patterns following 
from its sex and breed. These are — at least according to our present knowl-
edge — conservative. There are, at the same time, behaviour characteristics 
which can be modified according to the environment. Behaviour patterns 
accompanied by satisfactory production results can be considered as charac-
teristic of a population. In this case the average behaviour data are assumed 
to express the typical biological demands. This paper presents some major 
behaviour data which — while primarily characteristic of the Hungarian 
spotted breed — can be used in the technological planning for establishing 
the parameters of other populations too. This offers a possibility of using the 
data as standards for comparison. 
In the international literature behaviour data characteristics of the 
cattle species and breeds can mostly be found for grazing animals. OLOFSSON 
( 1 9 6 4 ) , HIMMEL (1965) , KOCH ( 1 9 6 8 ) and others studied the different life proc-
esses first of all under natural conditions, in the pasture. Observations on 
stabled animals were generally made with a smaller number of animals, so 
their validity is limited (BÁRCZY—CZAKÓ 1 9 6 2 , CZAKÓ 1 9 6 7 , REINBRECHT 
1 9 6 8 , TSCHIRCH—SOMMER 1 9 7 0 , URBAN 1 9 7 0 , SCHÖN 1971, ANDREAE 1 9 7 3 , 
and others). 
There have been, however, numerous publications on the social patterns 
of group keeping (Bouissou 1 9 6 5 , LIEBENBERG 1965, BRANTAS 1968, SAM-
BRAUS 1970, a n d others). 
The behaviour trends of calves have also been dealt with by a number 
of papers (CZAKÓ (t al. 1966, URBAN 1970, ZEEB—MACK 1 9 7 1 , KITTNER 1 9 6 9 , 
and others). 
On the behaviour of fattening cattle hardly any information is available 
(DITTING et al. 1 9 7 0 ) . 
The effect of different technological systems on the behaviour of cows 
is also one of the frequently studied factors. The results are rather contradic-
tory (FITZE 1972, WANDER—FRICKE 1967, KOLLER—HAMMER 1972, and 
others). 
The manifold character and high diversity of the observations explain 
the fact that some authors did not find significant differences between the 
breeds as regards resting, feeding and rumination (HAUPTMANN 1969), while 
according to the others there are considerable differences even between closely 
related breeds (HANCOCK 1954, VAN DER KLEY—VAN DER PLOEG 1955). 
M a t e r i a l a n d M e t h o d 
Observations required for the establishment of the behaviour norms were made a t 
eight farms on 122 calves of different age, 38 heifers, 76 cows and 223 young fattening bulls 
with different live weights. All animals belonged to the Hungarian spotted breed. 
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The observat ions were made a t f a rms where the product ion results suggested the satis-
fact ion of the feeding and keeping d e m a n d s of the animals . At these farms the milk production 
was 3000—3500 kg, t h e average daily weight gain 1100—1300 g in fa t ten ing and 800—900 g 
in calf rearing. The calves , heifers and y o u n g bulls were k e p t in groups, while the cows in closed 
hound , closed f ree -pen and open f ree-pen system s tables , respectively. 
The data were collected in two phases of 48 h o u r s each, partly by continuous obser-
va t ion , partly by record ing every t en minutes . A par t of t he continuous observat ions on cows 
bound in pens was m a d e by means of registrating in s t rumen t s . The " n " values in the tables 
show the number of animals and not t he number of observat ions . The observat ion data were 
eva lua ted by mathemat ica l -s ta t i s t ica l methods, at a 9 5 % confidence level ( P = 5%). 
Results 
The data evaluated on the basis of the observations are presented in 
Tables 1—15. Table 1 shows the trend of the time spent in lying by 3—24 
weeks old calves. When expressing the time of lying as a percentage of a 24 
hours period we find that the young, 3—5 weeks old calves spend more time 
in lying than the older, 14—16 and 22—24 weeks old ones. 
The differences are significant. The calves spend more than 50 per cent 
of the day in lying. Table 2 shows the time spent by the calves in feeding. 
According to the data — as duly expected on the basis of the differences of 
feeding and development — the young, 3—5 weeks old calves spend less time 
in feeding than the 10—12 weeks old or older ones. The differences are signifi-
Table 1 
Time spent in lying within 24 hours by calves of different age kept in groups (n = 116) 







percen tage of 
24 hours 
E x t r e m e values 
as a percentage of 
24 hours 
max . min. 
3 -5 weeks 957.4 113.6 66.4 75.09 50.80 
10—12 weeks 849.6 84.2 59.0 68.30 76.33 
14—16 weeks 793.4 102.1 55.1 57.80 43.20 
22—24 weeks 768.9 96 53.4 63.70 43.80 
3—5 weeks old calves > 14—16 weeks old ones, P = 5% 
3—5 weeks old calves > 22—24 weeks old ones, P = 5% 
cant. Time spent by the calves in rumination — as seen in Table 3— only takes 
11—15 per cent of the day at the age of 3—5 weeks. Later the time spent in 
rumination is more than 20 per cent. 
The occurrence of lying in 24 hours (Table 4) does not change with the 
advancing age of calves, while at the same time the frequency of motion in-
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Table 2 
Time spent in feeding during 24 hours by calves of different age kept in groups 
(n = 212) 




S t a n d a r d 
dev ia t ion 
± » 
Ext reme values as 
percentage of 
24 hours Average percentage of 
24 h o u r s 
max . min. 
3—5 weeks 133.9 32.5 15.0 5.8 9.3 
10—12 weeks 257.4 51.2 22.3 7.2 17.9 
14—16 weeks 260.6 49.7 23.9 8.8 18.1 
22—24 weeks 321.1 52.1 30.20 14.47 22.3 
3—5 weeks old calves > 10—12 weeks old ones, P = 5 % 
3—5 weeks old calves < 14—16 weeks old ones, P = 5 % 
3—5 weeks old calves < 22—24 weeks old ones, P = 5 % 
Table 3 
Time spent in ruminating during 24 hours by calves of different age kept in groups 
(n = 108) 
Age of the calves 
Average 
minutes 
S t a n d a r d 
dev ia t ion 
± e 
Ext reme values as a 
percentage of 
24 hours Average percentage of 
24 h o u r s 
max . min . 
3—5 weeks 190.0 29.2 18.8 7.9 13.2 
10—12 weeks 300.9 57.1 27.9 13.5 20.9 
14—16 weeks 324.0 40.6 35.4 15.8 22.5 
22—24 weeks 332.6 49.8 39.7 17.0 23.1 
3—5 weeks old calves < 14—16 weeks old ones, P = 5 % 
3—5 weeks old calves < 22—24 weeks old ones, P = 5 % 
creases. According to the data of Tallies 5 and 6 the daily occurrences of feed-
ing, rumination, defecation and urination are almost the same from 3—5 to 
22—24 weeks of age. The calves feed and ruminate on 9—14 occasions a day, 
defecation occurs on 9—11, urination on 4—5 occasions. 
Table 7 shows the time spent by 10—12 and 18—21 months old heifers 
in lying, feeding and rumination a day. According to the data of the table 
the heifers spend 46—48 per cent of the day's 24 hours in lying, 16—18 per 
cent in feeding and 20—22 per cent in rumination. Age does not cause signifi-
cant differences in the behaviour patterns. Table 8 gives information about 
the occurrences of lying, ruminating, water-drinking, as well as on the fre-
quency of defecation and urination. 
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Table 4 
Frequency of lying and moving during 24 hours with different age calves kept in 
groups (n = 116) 
Age of the calves 
Occurrences of lying Occurrences of moving 
average 
ex t reme values 
average 
ex t r eme values 
m a x . min. max . min. 
3—5 weeks 16.2 24 8 18.6 27 10 
10—12 weeks 15.4 21 7 19.2 30 16 
14—16 weeks 13.2 19 6 29.7 28 15 
22—24 weeks 14.8 21 6 28.2 41 16 
Table 5 
Frequency of feeding and ruminating during 24 hours with different age calves kept 
in groups (n = 122) 
Age of the calves 
Occurrences of feeding Occurrences of r umina t i ng 
average 
ex t reme values 
average 
ex t reme values 
m a x . min. max . min. 
3—5 weeks 9.6 16 5 10.6 13 5 
10—12 weeks 11.2 20 7 12.7 18 9 
14—16 weeks 13.5 17 8 13.8 21 9 
22—24 weeks 14.3 19 8 14.2 22 10 
Table 6 
Frequency of defecation and urination during 24 hours with different age calves kept 
in groups (n — 52) 
Age of the calves 
Occurences of 




e x t r e m e values 
ave rage 
ex t reme values 
m a x . min. max. min . 
3—5 weeks 10.2 17 6 4.2 9 3 
10—12 weeks 11.1 18 7 4.8 10 3 
14—16 weeks 9.2 20 7 5.3 10 3 
22—24 weeks 10.7 17 6 5.1 11 4 
Rumination is more frequent with the heifers than feeding. Table 9 
shows the time spent in lying and moving by cows kept in different ways. 
According to the data of the table the cows spend 42—47 per cent of the day's 
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Table 7 
Time spent in lying, feeding and ruminating by heifers kept in groups (n — 38) 
Age of t h e heifers 
Li fe processes 10-12 18-21 
m о I t h s 
Lying 
average minutes, x 666.7 694.0 
s tandard deviation, 132.3 147.2 
average % of 24 hours 46.3 48.2 
max. % extreme values 65.7 70.9 
min. values 35.6 40.4 
Feeding 
average minutes, x 239.0 260.6 
s tandard deviation, + s 62.4 57.8 
average % of 24 hours 16.6 18.1 
max. % extreme values 27.9 29.2 
min. values 11.7 13.4 
Rumination 
average minutes, x 292.3 318.2 
s tandard deviation, ± s 62.5 56.4 
average % of 24 hours 20.4 22.1 
max. ext reme values in °/0 32.03 30.7 
min. ex t reme values in °/0 12.7 13.5 
24 hours in lying. As regards the time of lying there is no significant difference 
between the bound- and the free-pen system of keeping. 
The differences are not significant. In the case of free-pen keeping the 
time spent in walking is very little, not more than 1.2—1.4 per cent. Table 10 
shows the data of feeding and rumination. In a system based on mass fodders 
and dairy supplements the cows spend 15—18 per cent of the day in feeding, 
and 24—27 per cent in ruminating. As regards feeding and rumination the 
differences between the keeping systems are significant. Table 11 presents the 
number of the lying periods as well as the occurrences of defecation and uri-
nation. The cows generally lie down on 6—8 occasions a day. In the free-pen 
keeping system the lying periods of cows are more in number than in bound 
keeping. The differences are significant. Defecation occurs on ten, urination 
five-six occasions, on an average. 
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Table 8 
Daily frequency of life processes with heifers kept in groups (n = 38) 
Frequency of life 




1 8 - 2 1 
m o n t h s 
Occurrences of lying 
average 8.2 8.6 
max. 17 16 
min. 5 6 
Occurrences of rumination 
average 10.3 11.4 
max. 17 18 
min. 5 6 
Occurrences of water-drinking 
average 6.2 6.8 
max. 14 16 
min. 4 3 
Occurrences of defecation 
average 9.2 9.8 
max. 14 13 
min. 5 5 
Occurrences of urination 
average 6.2 6.4 
max. 10 11 
min. 3 4 
As to the frequency of feeding there are differences between the cows 
kept in bound-system and free-pen system stables, respectively (Table 12), 
in spite of the fact, tha t the feed was supplied in rations in both cases. In the 
free-pen system the cows consume their rations in more steps than in the bound 
system. The differences are significant. Differences of this kind are not found 
in the frequency of water-drinking and ruminating. 
Times spent in lying and moving by young fattening bulls of different 
live weight — i.e. examined in different phases of fattening — are presented 
in Table 13. According to the data of the table there is no considerable differ-
ence between the young fattening bulls of different live weight as regards the 
7 * Acta Agronomica Academiae Scientiarum Hungaricae 24. 1975 
3 5 0 J- CZAKÓ 
Table 9 
Time spent in lying and moving during 24 hours by cows kept under different 
conditions 
K e e p i n g system 
D e s i g n a t i o n closed bound 
n = 36 
closed free 
n = 24 
o p e n f r ee 
n = 16 
Lying 
Average minutes, x 681.1 616.3 650.8 
standard dev ia t ion , i s 101.3 117.8 118.4 
average °/0 of 24 hours 47.3 42.8 45.2 
extreme va lues in % 
max. 65.3 63.2 64.4 
min. 22.9 20.2 18.8 
Motion 
average minu te s , x — 17.2 20.1 
standard devia t ion , ± s 
— 
9.2 8.5 
average % of 24 hours 
— 
1.2 1.4 







t ime spent in lying; when kept in groups they spend 54—58 per cent of the 
day 's 24 hours in lying. The differences between the weight-groups are not 
significant. 
In the weight category of 300—400 kg the time spent in moving is es-
sentially less than in the weight group of 200—300 kg. 
Owing to the relatively high standard deviation significant differences 
are only found between the 200—300 kg group and the animals with live 
weights over 400 kg. Table 14 contains again the times spent in feeding and 
ruminating. When dry mixtures are fed, the different live-weight young fatten-
ing bulls spend 7—9 per cent of the day in feeding and 17—22 per cent in 
ruminating. Differences between the averages of the individual groups are 
not significant. Table 15 shows the frequency of feeding, ruminating, water-
drinking, defecation and urination in a 24 hour period of observation. Accord-
ing to the data of the table young fattening bulls of different live weight feed 
on 5—6 occasions and ruminate in 8—9 phases a day. The occasions of lying 
are 7—8, those of water-drinking 5—6 in number. The occurrences of defeca-
tion are 5—7, those of urination 4—5 a day, on an average. 
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Table 10 
Time spent in feeding and ruminating during 24 hours by cows kept under 
different conditions 
Designat ion 
Keep ing system 
closed bound 
n = 36 
closed free 
n = 24 
o p e n f r e e 
n = 16 
Feeding 
average minutes , x 261.1 218.8 240.9 
standard deviat ion, ± s 44.2 52.6 38.7 
average % of 24 hours 18.2 15.2 16.7 
extreme values in % 
max. 25.8 29.6 34.4 
min. 3.8 5.77 4.8 
Rumination 
average minutes , x 391.3 346.0 342.7 
standard deviat ion, J; s 47.3 62.1 54.6 
average % of 24 hours 27.3 24.1 23.8 
extreme values in % 
max. 35.9 38.97 38.1 
min. 23.48 20.9 18.0 
Discussion 
The observation results were first evaluated from the point of view of 
whether the obtained data were characteristic of the studied groups of animals 
and suitable for establishing their norms of behaviour. Therefore the approxi-
mate number of data required for a possible generalization was already decided 
on when planning the experiment. In estimating the necessary number of 
observation data the following statistical test was used to make sure of the 
correctness of the hypothesis: 
n = tp%2 • s%2 
h%2 
n = number of observation data required to obtain a reliable result, 
tp°/0 = theoretically calculated (Student's tr ial statistics) critical value 
at P = 5% probability level, and infinite liberty, 
s % = standard deviation given in the form of a variation coefficient, 
h°/0 = chosen percentage of estimation error. 
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Table 11 
Frequency of lying, defecation and urination during 24 hours with cows kept under 
different conditions 
Keeping s y s t e m 
F r e q u e n c y values c losed bound closed f r e e open f r ee 
n = 36 n = 24 n = 16 
Lying 
average 6.9 8.2 7.2 
max. 16 17 14 
min. 4 5 3 
Defecation 
average 10.3 9.6 10.1 
max. 18 17 18 
min. 4 6 5 
Urination 
average 6.4 5.6 5.5 
max. 10 9 8 
min. 4 5 4 
Lying: closed b o u n d < closed f ree , P = 5% 
The value of p°/0 was determined at P = 5 % from the table of i-values. 
The permissible error of estimation was taken as 3 per cent. 
In the experiments carried out so far the highest variation was found in 
feeding and rumination. The highest variation coefficient was 28 per cent. 
The possibility of error was determined at т З % . In this case the number of 
necessary observations is 
B = 5 ( 1 . 9 ) M 2 g r = 3 1 4 
32 
t ha t is, 314 data are required. With the twice 48 hours observation the number 
of samples taken even in the group with the lowest number of animals was 
higher than what had been determined in advance as a minimum. Since the 
assumed 28% variation coefficient was only approximated by the standard 
devation values of feeding rumination, the reliability of the data in this re-
spect was further increased. Thus, on the ground of the obtained results the 
values presented in Tables 1—15 can be accepted as characteristic of the be-
haviour of Hungarian spotted cattle of the given age and purpose. 
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Table 12 
Frequency of feeding, water-drinking and ruminating during 24 hours with cows 
kept under different conditions 
F r e q u e n c y values 
Keeping syetem 
closed bound 
n = 36 
closed f ree 
n = 24 
open f ree 
n = 16 
Feeding 
average 10.2 13 6 13.2 
max . 8 7 8 
min. 14 16 17 
Mater-drinking 
average 5.6 4.8 5.1 
max. 3 3 4 
min. 8 6 7 
Rumination 
average 12.6 9.8 10.1 
max. 9 8 7 
min. 17 18 17 
Feeding: closed b o u n d < closed f r e e and open f r ee ; P = 5% 
From the data of the tables it is further seen that though the extreme 
values — concerning both the upper and lower limits — are rather high, the 
standard deviation shows a relative value of 10—20 per cent. So most of the 
obtained parameters do not deviate considerably from the mean value. 
Of the individual characteristics of behaviour it is in the case of lying, 
feeding and rumination that the differences due to the age of calves are signifi-
cant. On the other hand, the differences found between the behaviour data of 
one-year old heifers and those of one and a half year old ones are not signifi-
cant. Differences shown in the mean values of the behaviour data of cows kept 
in bound- and free-pen system stables, respectively, are not significant. Thus, 
if the system of keeping satisfies the demands of the animals, it does not con-
siderably influence the course of the major life processes (lying, feeding, ru-
mination, water-drinking, urination and defecation). 
As to the daily periods of lying, feeding and rumination there was no 
considerable difference between the studied live weight categories of young 
fattening bulls. The differences between the weight groups are not significant. 
I t was only in the average value of motion that the 200—300 kg live-weight 
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Table 13 
Time spent in lying and moving by different live-weight young fattening bulls kept 
in groups under intensive fattening conditions based on dry mixture 
Live-weight 
Des igna t i on 2 0 0 - 3 0 0 kg 
n = 68 
3 0 0 - 4 0 0 kg 
n = 72 
over 400 kg 
n = 8 3 
Lying 
average minutes , x 832.4 790 9 799.8 
standard deviat ion, ± s 70.4 61.2 56.7 
average % of 24 hours 57.8 54.9 55.5 
extreme values in % , 
max. 64.8 57.8 59.1 
min. 49.9 49.4 44.8 
Motion 
average minutes , x 24.3 18.2 14.3 
standard deviat ion, ± s 4.6 3.7 3.1 
average % of 24 hours 1.7 1.2 0.9 
extreme values in % , 
max. 5.9 3.9 4.4 
min. 0.8 0.7 0.5 
Motion: 200—300 kg > over 400 kg , P = 5% 
group differed to a greater extent from that above 400 kg. Fattening bulls 
with more than 400 kg live-weight moved less than the younger and lighter 
ones. 
Beyond accepting the results of investigations as characteristic of the 
Hungarian spotted breed under the calf rearing, cow keeping and fattening 
condition of Hungary, a comparison with other breeds, types and keeping 
systems seemed to be useful. According to the author 's investigations into the 
behaviour of the calves the 14—24 weeks old calves spend 768—793 minutes 
in lying daily. K O C H (1968) found the average lying time of calves of the Maine 
— Anjou breed to be 740 minutes a day. According to KONRAD (1967) the 
average time of lying is 850 minutes with 6—10 weeks old Czech spotted calves. 
In the present investigations the average lying time of Hungarian spotted 
calves of about the same age was found to be 849.6 minutes (Table 1). 
The average lying time of the black-spotted cows was found by KOCH 
(1968) to be 711 minutes in bound keeping system stables, and 590 minutes 
in open, free-pen system stables. According to the investigations of REIN-
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Table 14 
Time spent in feeding and ruminating by different live-weight young fattening bulls 
kept in groups under intensive fattening conditions based on dry mixture 
Live-weight 
Designation 2 0 0 - 3 0 0 kg 
n = 68 
300 - 4 0 0 kg 
n = 72 
ove r 400 kg 
n = 83 
Feeding 
average minutes , x 129.8 102.9 102.1 
standard deviat ion, + s 22.4 16.8 19.2 
average % of 24 hours 9 7.1 7.1 
extreme values in % , 
max. 12.20 9 13.0 
m i l t . 8.3 6.5. 6.1 
Rumination 
average minutes , x 260.8 258.0 306.2 
standard deviat ion, + s 50.4 38.6 45.9 
average °/0 of 24 hours 18.1 17.9 21.2 
extreme values in % , 
max. 23.51 19.7 23.5 
min. 12.4 11.8 73.6 
BRECHT (1968) the average lying time of the German black-spotted cows was 
639 minutes in bound system stables, and 598 minutes in closed free-pen sys-
tem stables. The time of rumination was found to be 350 minutes in closed 
bound system stables. In the experiments carried out by HAUPTMANN ( 1 9 6 9 ) 
the average daily lying time of the Canadian Holstein Frisian and Danish red 
cow (in stables with resting boxes) ranged between 603 and 662 minutes. The 
high yielding dairy cows spent substantially more time in lying than those 
producing less milk. The above listed data are nearly identical with average 
values calculated from the author's observations. The results of investigations 
carried out by KOVALCIK—СНОВОТ ( 1 9 7 1 ) on the time of lying and feeding, 
and number of defecations and urinations with Slovakian spotted, Danish 
red and black-spotted cows practically agree with both the listed literary ref-
erences and the results of the author 's own investigations. 
The data published on the black-spotted breed practically correspond 
to the results of the author's investigations. Differences in the time of feeding 
and rumination are due to the different system of feeding (DITTING et al. 
1 9 7 0 , A N D R E A E — T H I E D E M A N N 1 9 7 2 ) . 
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Table 15 
Frequency of occurrences of feeding, rumination, water-drinking, defecation an 
urination with different live-weight young fattening bulls kept in groups under 
intensive fattening conditions based on dry mixture 
F r e q u e n c y values 
Live w e i g h t 
2 0 0 - 3 0 0 kg 
n = 31 
3 0 0 - 4 0 0 k g over 400 kg 
n = 28 
Feeding 
average 6 . 2 5.8 6.3 
max. 9 11 10 
min. 3 3 3 
Rumination 
average 9.6 8.7 8.1 
max. 13 14 12 
min. 6 5 5 
hying 
average 7.8 7.1 7.3 
max. 15 14 16 
min. 6 6 5 
Water-drinking 
average 6.20 5.7 5.1 
max. 11 12 9 
min. 3 3 4 
Defecation 
average 7.7 6.4 5.5 
max. 13.0 12.0 14.0 
min. 4.0 5.0 4.0 
Urination 
average 5.4 5.1 4.1 
max. 11.0 8.0 8.0 
min. 3.0 4.0 3.0 
When comparing the results of the present investigations with the lit-
erary data we find tha t as regards the time of lying and moving as well as the 
frequency of urination and defecation the different genotypes show nearly 
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the same behaviour. At the same time the periods of feed consumption and 
rumination depend primarily on the system of feeding. The system of feeding 
thus has a greater influence on these behaviour characteristics than the geno-
types have. For example, in the case of fattening mainly by giving mass fod-
ders the feed consumption takes 15—18 percent, while by feeding dry mixtures 
it takes 7—9 per cent of the day. 
Thus, in planning the keeping system and technology the behaviour 
patterns can be applied to other genotypes too, with the exception of the be-
haviour parameters of feed consumption and rumination. 
The processed data of observations thus offer help in elaborating the 
keeping system (technologies) by giving information on the biological demands 
of the animals. 
Neglect of the biological demands of animals — since the technological 
systems have been elaborated mainly on the basis of economic considerations — 
has often been responsible for the unsatisfactory production results. 
Beyond giving help in planning the technologies of farms these data — 
as the behaviour parameters of cattle of given age and purpose — can be used 
for comparing the capacity for self-adaptation in different populations. 
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VARIA 
" N A G Y K Á L L Ó I ARANYMAZSOLA" M A I Z E 
Taxonomical place: Zea mays L. convar saccharata Koern. с v. flavodulcis Koeru. 
Origin: individual selection f r o m populations of Arany mazsola (Golden Bantam). 
Beginning of breeding: 1949, Nagykálló. 
Breeders: J ános Székács and Ambrus Szabó (Nagykálló). 
State qualification: provisionally certified va r i e ty , 1957. 
General characterization: early maturing, hea l thy , hardy , highly product ive , yellow ra is in- type 
sweet corn; suitable for bo th marketing a n d deep freezing (KAPÁS et al., 1965)., 
Morphological description : 
Boot-system: its f ib rous root-system pene t r a t e s 140—150 cm deep into the soil; tends 
to form suckers. 
Shoot system: consists of a 140—190 cm long main shoot a n d about two 150 cm long 
laterals; tillering of medium e x t e n t . 
Stem: solid, with a b o u t 11 internodes of some 2 cm th ickness ; dark green wi th red 
stripes, the nodes are yellowish green and bare. 
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Foliage: t h e length of the f i f t h leaf blade is 75—80 cm, its width a b o u t 9 cm: the n u m b e r 
of l eaves usually is 7—11. The leaf is d a r k green, but along t h e main rib usual ly 
m o t t l e d with red. The leaf si eath is m e d i u m hairy, the leaf b lade thinly ha i red . 
Inflorescence : t he male inflorescence 40—62 c m long with 17—30 laterals on i t ; t h e 
a v e r a g e number of ea rs is 1.6. The lower inflorescence develops at a height of 
45—49 cm above-ground. Ears develop o n the laterals too (0.8/plant). 
Flowers: a n t h e r s and pistil a r e of reddish green colour. 
Ear: length 14—20 cm, d i ame te r an aveiage of 3.8 cm, cylindrical shape; weight 7—11 
dkg. T h e number of g ra in rows is 10 —12, and the number of grains per ear 260 
on a n average. The cob is white. 
Caryopse : w h e n ready for sale l ight yellow, a t t h e stage of biological matur i ty golden 
yel low. The grain; are of typical sweet co rn shape (raisin-type). Thousand-grain-
we igh t generally i. 248 g. 
Biological characters : 
Vegetation period: generally 123 days of which t h e vegetative deve lopment takes some 
50 d a y s and the generat ive development 73 days. It is ready for sale 67—77 d a y s 
a f t e r emergence. I t is generally of ear ly maturat ion (MÁNDY—KARKOVSZKY 
1959). 
Water requirement: medium. 
Resistance to diseases: fairly res i s tan t , hardy v a r i e t y ( K A P Á S et al. 1 9 6 5 ) . 
Farm technology requirement : 
Solving: in t h e first half of M a y . 
Soil requirement: best grown on medium heavy loam. 
Productivity : high yielding v a r i e t y of very good taste . 
Region of cultivation : the entire a rea of Hungary. 
Prepared a t t h e Department of Botany, Univers i ty of Agricultural Sciences. Debrecen. 
G Y . M Á N D Y 
B E F E B E N C E S 
K A P Á S , S . — K O M J Á T I , I. P A P P , Z S . — S Z E R A F I N , F . - T O M C S Á N Y I , P . ( 1 9 6 5 ) : Minősí te t t 
növényfa j t á ink (State qual if ied plant variet ies of Hungary). Mezőgazdasági K i a d ó , 
Budapest. 
M Á N D Y , G Y . — K A R K O V S Z K Y , G . ( 1 9 5 5 ) : Csemegekukorica-faj ták összehasonlító alaktani és 
fej lődésélet tani vizsgálata (Comparat ive morphological and ontogenetical s tudy on 
sweet corn varieties). Agrobotan ika , 1, 106 —161. 
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METHODOLOGICAL Q U E S T I O N S O F P I G H Y B R I D I Z A T I O N 
Outs tanding results in livestock breeding by t h e method of hybr id iza t ion were f i r s t 
a t t a ined in the pou l t ry branch. As i t is generally k n o w n , in pig species, research on hybr id 
product ion began, dur ing the last decade . For a long t i m e breeders were of t he opinion t h a t 
in this species owing to the specific characterist ics of pigs results similar to those obtained in 
poul t ry hybr idizat ion could not be a t t a i n e d . This opinion was mainly due t o t he fact tha t t h e 
pigs showed high react iv i ty to inbreeding manifested f i r s t of all in proper t ies related with f i t -
ness. I t thus became questionable w h e t h e r the costs of inbreeding would be proport ionate t o 
t he expected gain. 
A survey is given below of the bas ic methodological questions of t h e t en years breeding 
work carried on by the author at the Kaposvár Agricul tural College, and of t he results which 
led to the K A - H Y B hybrid pig. 
As to the prac t ica l results of th is breeding work, K A - H Y B pigs are k e p t today on some 
200 large farms in H u n g a r y , and in 1974 abou t 1 million of them will be del ivered to the s laught-
er-houses of the coun t ry . The interest shown abroad is also quite considerable; orders are ar r iv-
ing not only f rom t h e surrounding count r ies but from countr ies of other cont inents , too. W i t h 
a view to the organized marketing of K A - H Y B pigs a j o i n t undertaking of fa rms engaged in 
t he production of t h e breeding mater ia l was established in 1968. 
I. 
Special methods of line breeding 
The work of pig hybridization was based — like t h e hybridization of poul t ry — on line 
breeding. Prior to discussing the m e t h o d s of breeding i t has to be noted t h a t in the case of 
pa te rna l lines it is considered to be of p r imary importance to develop popula t ions whose breed-
ing is directed to t he reasonably a t t a inab le homozygote state . In the course of the present 
work such lines h a v e generally been based on individuals tha t have p r o v e d outstanding in 
their breed, except one line in which progenies or iginat ing from a r e m a r k a b l y good mat ing 
formed this basis owing to their add i t ive character va lues . 
1. Methodology of producing paternal lines: In developing the hybrid p a t e r n a l lines th ree 
methodologically different methods of breeding were applied: 
A) Production of pure-bred animals by inbreeding; 
B) Production of synthetic lines; 
C) Development of F j combinations. 
A) Production of pure-bred animals by inbreeding 
In line breeding the main point is to develop the gene frequency in t h e required direc-
tion. Inbreeding is given an impor tan t role in line breeding. According to t he author 's expe-
riences the genotypic conformity of a populat ion is more readily ensured b y inbreeding. This 
is the basis of reproducibil i ty which p lays an impor t an t role in hybr idizat ion, and which is 
much more easy to a t t a i n in such a case t h a n in the case of breed populat ions of a much wider 
genetic variance. Blood typing tha t has been carried on for six years is also of great service. 
I t helps in disclosing the genotypic differences between t h e lines (Table 1) which are taken in to 
account when ma t ing within the line. Pecul iar differences existing between t h e lines can thereby 
be deliberately increased, and so the l ines genotypically differentiated. I n th i s way relatively 
d i s tan t genotypes can be combined in t he course of crossing, promising more expressed cross-
ing effects. Blood-typing — as an i m p o r t a n t aid — is fundamenta l ly relied u p o n when realizing 
the above. 
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Inbreeding when app l i ed in the course of line breeding is flexibly adjusted to the in-
dividual tolerance of the an ima l s . Namely, t h e tolerance of t he animals is not u n i f o r m but 
individually depends on t h e ex t en t of the homozygous character accidentally b r o u g h t about 
at the loci of their non-addi t ive genes in the course of the meiosis preceding their b i r th . 
In cer ta in cases immigra t ion is employed in order to m a i n t a i n the viability of t he line. 
In this case we do not s t ick t o a given breed uncondit ionally. I n t he case of an imals chosen 
Table I 
Differences in blood groups between the lines 
Factors L i n e c x Line LI I I Line LI 
A 80.00* 9.36** 34.80* 3.50** 42.10* 4.60** 
B b 5.00 0.58 7.60 0.76 — — 
E a 12.50 1.40 36.40 3.65 10.50 1.15 
E b 7.50 0.88 62.10 6.24 31.60 3.45 
E d 100.00 11.70 100.00 10.05 100.00 10.92 
Е е 95.00 11.11 87.90 8.83 94.70 10.34 
Ef 97.50 11.40 18.20 1.82 63.20 6.90 
Eg 45.00 5.26 100.00 10.05 52.60 5.75 
E l 12.50 1.46 36.40 3.65 — — 
J a 100.00 11.70 81.80 8.22 84.20 9.19 
K b 52.50 6.14 53.00 5.33 42.10 4.60 
K c 55.00 6.43 69.70 7.00 36.80 4.03 
Lc 92.50 9.69 81.80 8.22 79.00 8.62 
Lg - — 78.80 7.91 94.70 10.34 
H p 8 — — 28.80 2.89 84.20 9.19 
H P i 3 — — 18.20 1.83 — — 
Tf AA 2.50 0.30 — — — — 
Tf BB 97.50 11.40 100.00 10.05 100.00 10.92 
* = percentage f r e q u e n c y of factors 
** = percentage f r e q u e n c y of occurrence of factors 
for the purpose of immigra t ion the most i m p o r t a n t requirement is tha t as far as possible in 
properties t ransmit ted on ail addit ive basis t h e y should be superior to the members of the line 
they are to be crossed wi th . This is necessary because such proper t ies are t r a n s m i t t e d in an 
in termediary way. In the par t icular selection methodology of hybridization — as will be 
pointed ou t later — this is of considerable impor tance . In the p resen t case the m a i n point of 
immigrat ion is not to i n t roduce additive genes of high value b u t to neutralize t he depression 
caused by inbreeding a t leas t to such an ex ten t t h a t the reduced fer t i l i ty should no t jeopardize 
the p roduc t ion of subsequent generations w i t h i n the line. All th i s should he done in such a 
way t h a t t h e heterozygous charac ter increasing in the non-addit ive gene pairs should not alter 
the p h e n o t y p e of the line n o r its characteristics shown in t r ansmi t t ance . 
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Table 2 
Trend of maternal performance in the continuant hybridization of К A—HYB 











N u m b e r 
of 
piglets 
a t t he 
age of 
















a t 21 
d a y s 
l . 
I . 38 385 257 1358 33.25 10.13 6.76 5.28 
I I . /А 960 8534 7936 50248 7.01 8.88 8.26 6.33 
I I . /B 19 166 151 725 9.04 8.74 7.94 4.80 
IY. 49 383 342 1770 10.70 7.82 6.98 5.18 
VII . 48 470 373 1960 20.64 9.79 7.77 5.25 
X I . 119 1050 608 3223 42.10 8.82 5.10 5.30 
X L I X . 7 50 44 214 12.00 7.14 6.28 4.86 
L I . 10 74 53 284 28.38 7.40 5.30 5.36 
e x . 240 2072 1635 8909 20.22 8.63 6.88 5.39 
1490 13184 11417 68691 13.41 8.85 7.66 6.02 
2. Nádudvar 1097 10652 9650 51170 9.41 9.71 8.79 5.30 
Nagyecsed 42 418 382 
— 
8.62 9.95 9.09 
— 
Pincehely 179 1789 1482 8624 17.16 9.99 8.27 5.82 
Várong 112 1021 892 4704 12.24 9.12 8.00 5.25 
1430 13880 12410 64498 10.60 9.70 8.67 5.35 
3. Nádudvar 154 1441 1266 6485 12.14 9.36 8.22 5.12 
Pincehely 468 4490 4227 22892 5.86 9.59 9.08 5.42 
Törökszent-
miklós 76 710 622 — 12.39 9.34 8.18 — 
Veszprém 462 4996 4385 22235 12.23 10.81 9.49 5.07 
Nagyecsed 930 8519 7601 
— 
10.78 9.16 8.17 
— 
Agárd 1308 12233 10735 60116 12.25 9.35 8.21 5.60 
3398 32389 28836 111728 10.97 9.67 8.44 5.42 
1. = 1972. farrowing d a t a of inbred lines 
2. = 1972. farrowing d a t a of sows or iginat ing from the f i r s t combination 
3. = 1972. farrowing d a t a of sows or iginat ing from mult iple combinations 
The d a t a were collected f r o m controlled breeding stocks in wh ich epizootic diseases 
affecting the product ion did no t occur in the course of the year 
The far rowing data include the data of sows producing bu t a smal l number of piglets 
too, fur ther , t he 21 days averages are related to t h e number of sows having farrowed 
Some 60 per cent of the product ion results s u m m e d up in po in t 3, and about 20 p e r cent 
of the others are first-gravid per formances 
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This is t h e schematic solution of immigration in line breeding. When the inbred level 
of the population attains a marginal depression immigration is appl ied with the individual 
marked "A". Male individuals originating from this combination will be sorted out, while the 
female progenies will be mated wi th the male parents showing the highest inbred level in the 
line at that t ime. Though from the point of view of the line the f u t u r e progenies are " R ^ ' - s , 
since their fa ther and maternal grandmother are highly inbred with t h e same ancestor, they 
are — according to experience — ful l representatives of their line e i ther in phenotype or in 
transmitting abi l i ty . Such female members of the line will then be m a t e d first with the less 
inbred males of the line in order to f ind out whether or not the fu tu r e progeny is sufficiently 
viable to produce the subsequent generation. If so, th is mating is mainta ined for this generation, 
and only the female progeny will be mated with immigrated males. If , however, in the course 
of mating within the line piglets showing a great depression are born, th is indicates t h a t this 
generation can only be reproduced through immigration. It is in such cases that the individual 
marked " B " is introduced in the population. This sys tem is continued fu r the r on. 
In this work a flexible inbreeding adjusted to t he individual is indispensable, as for the 
t ime being it canno t be adjusted to a scheme designed for more than one generation. As another 
essential requirement, the successive immigrants should by no means be related to one an-
other, in some cases they must no t even belong to t he same breed. This is the basic precondi-
tion of maintaining the dominance of the initial line which is ensured by a regular back-cross-
ing. The experiences obtained in various lines cover 5—7 generations. On this basis, of the 
methods of line breeding this procedure is considered to be the most feasible way of pig hybri-
dization. 
Using this method lines wi th superfluously large numbers need not be maintained, 
namely such lines always threaten with the absence of genotypic conformity. On the o ther 
hand, a more intensive application of inbreeding-without causing subs tant ia l economic losses 
thus becomes possible. Namely, in the case of lines used as great-grand parents and grand 
parents only a few progenies are required a year. In th is case the maintenance of large popula-
tions would only be possible at t h e expense of e i ther profitability or genotypic conformity. 
Inbreeding can t hus be applied in a more intensive form. This helps in reducing the addi t ive 
and non-additive genetic variance to the required ex ten t . Immigration made use of from t ime 
to time does not loosen the heredi ta ry basis of the population to such an extent as it would 
do if inbreeding were not repeated. 
Thus the essence of the me thod is the flexible application of a close inbreeding. 
When f u r t h e r discussing the question of inbreeding three points m a y be of main interes t : 
a) Is a greater effect ensured by crossing inbred partners t h a n when crossing non-
inbred ones? I t is a world -wide opinion that the inbreeding depression and the heterosis effect 
are two interrelated counterpoles of the same genetic phenomenon. This w ould, in fact, f avour 
the application of inbreeding as fa r as a more significant effect is to be at tained. Yet the ques-
* C, B. A are individuals included in the line through immigration. 
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Table 3 
Losses of sous in the continuant hybridization of К A—HYB 
N u m b e r 
Designat ion 




To ta l 




no t r u t 
n u m b e r % 
1. I. 32 4 — 6 10 31.3 
II . /A 771 21 103 37 32 193 25.0 
II . /B 24 1 1 — — 2 8.3 
IV. 50 6 1 — — 7 14.0 
VI I . 19 2 — — — 4 21.0 
X I . 81 4 2 3 2 11 13.6 
X L I X . 25 1 1 — 5 7 28.0 
LI . 13 4 — 1 5 38.5 
e x . 179 16 
— — 
24 40 22.3 
1194 59 108 40 72 279 23.4 
2. Nádudvar 556 27 25 7 8 67 12.1 
Nagyecsed 42 4 2 2 1 9 21.4 
Pincehely 89 3 4 1 3 11 12.4 
Várong 99 3 11 
— — 
14 14.1 
786 37 42 10 12 101 12.8 
3. Nádudvar 157 4 3 1 1 9 5.7 
Pincehely 324 5 16 1 16 38 11.7 
Törökszentmiklós 60 4 2 2 — 8 13.3 
Veszprém 357 3 38 6 18 65 18.2 
Nagyecsed 562 61 23 20 21 125 22.24 
Agárd 945 11 13 5 14 43 4.6 
2405 88 95 35 70 288 11.9 
Notes: 1. —- inbred lines 
2. = sows f rom the f i rs t combinat ion 
3. = sows f rom the mult iple combination 
t ion cannot unanimously be answered in the aff i rmat ive. I t is only so in the case when the gene 
loci of the inbred pa ren t s to be mated conta in those genes which are able to induce heterosis 
•— intra- and interallele gene-interactions — in the combinat ion. If these genes are absent a t 
the gene loci of the par tners , then the lines have been homogenized by inbreeding for nothing, 
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Table 4 
Pooled relative economic index 
1971—1972 
(On the bas is of data of sows having fa r rowed several times) 
Property studied Large white Landrace F! 
KA—HYB 
32 Difference 
A. Breeding results: 
N u m b e r of piglets farrowed by 
100 sows n 954 1012 58 
N u m b e r of piglets weaned by 
100 sows n 816 873 57 
B. Fattening results: 
Age a t the beginning of fattening (days) 86 86 
Progeny slaughtered per 100 sows (n) 751 803 52 
Dai ly weight gain while fattened (g) 653 694 41 
Dai ly weight gain in the whole life (g) 523 534 11 
S t r ach value used for 1 kg weight 
ga in (operative) (kg) 2.96 2.80 160 g 
C. Slaughtering results : 
Average weight when sold (kg) 105 105 
Slaughter weight (kg) 80.90 81.7 
Slaughter loss <%) -22.9 22.1 1.8% 
Valuable parts of p o r k (kg) 34.76 36.38 1.62 kg 
Valuable pork of t h e progeny of 
100 sows (kg) 26105 29.213 3108 kg 
Slaughter weight reduced to valuable 
pork (kg) 61.52 62.66 
Slaughter weight reduced to valuable 
pork per progeny of 100 sows (kg) 46202 50316 4114 kg 
Rela t ive output (%) 100 108.9 8.9 % 
D. Economic evaluation: 
Sta rch value requ i rement per 
100 s ws (kg) 30798 30798 
S ta rch value requ i rement of progeny 
per 100 sows (to 30 kg) (kg) 34141 36526 2485 kg 
S ta rch value requ i rement of progeny 
per 100 sows dur ing fattening (kg) 166722 168630 2908 kg 
To ta l Starch value requirement (kg) 231661 235954 4293 kg 
Rela t ive input (%) 100 101.85 1.85 % 
Pooled relative economic index 100 106.9 6.9 % 
superdominance and ep i s ta t i c effects c a n n o t be expected. Thus , it is not pr imari ly f rom this 
point of view that the appl icat ion of inbreeding is considered to be necessary. 
b) Has inbreeding any role in the reproducibil i ty of t he obtained ef fec ts? 
I n our opinion t h i s question can be answered in the aff i rmat ive . It is t he very turning 
point of hybridization t h a t insofar as any resul t above the average has been observed in a 
combina t ion , this effect should be reliably reproducible. I t is thought to be qui te logical t ha t 
in t h e case of combining inbred populat ions reproducibil i ty is much more probable than in 
the cross-combinations of partners of wider gene f requency — i.e. of species. This explains, 
in f ac t , why inbreeding is considered to he unavoidable in pig hybridization too. 
I n the course of t h e work first the l ines are developed by inbreeding ( taking in consider-
at ion t h e results of blood-typing) , and it is only then t h a t the tests of various possible com-
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binations begin. If any of the combinations prove suitable, the reproducibility of the effect 
can naturally be largely ensured. If , on the other hand , we start by test ing a breed populat ion, 
then establish the ranking of the combinations, t he subsequent generations — when inter-
crossed — may not produce the same ranking order. Genetically this can be explained by a 
possible interference of dominance and epistatic effects with the result of the combinations 
of the two breeds. If, however, these genes are not manifested in the population, in the course 
of a continued breeding they may even be eliminated in the meioses, and thus will not be trans-
mitted to the following generations. In this case combinations between the subsequent genera-
tions will no longer produce the effects observed initially. Naturally, this is only assumed on 
the basis of probability, but in planning the breeding work such considerations may play an 
important role. 
c) Does the economic loss caused by inbreeding exceed the profitability of the end 
product? 
The Western European geneticists generally maintain a negative attitude to this ques-
tion. The breeders in those countries work with essentially smaller populations. Many breeders 
have to be convinced before a population not larger than on a medium large Hungarian farm 
can be bred on uniform principles. Their scruples are therefore easily understood. The si tuation 
is, however, different, if a smaller inbred population produces a large number of end products , 
which can be easily realized in Hungary. In the case of the KA-HYB the production of some 
1 million hybrid pigs will be ensured in 1974 by 600 sows belonging to the inbred lines. 
Speaking about the methodological questions of inbreeding the concept of "margina l 
depression" is the first to be mentioned. According to experience and when calculated with 
Wright's coefficient it is about Fx = 0.15. The individual tolerance of the animals largely 
depends on the extent of a homozygous state developed at the loci of their non-additive genes. 
Accordingly, depression may occur below Fe = 0.10, while in other cases it may not even be 
observed at 0.25. 
Observations seem to prove that in pig hybridization Wright 's inbreeding coefficient 
should only be taken in consideration as an informative figure, and not as the determinant of 
planning. 
For example, the homozygosity assumed by the Wright-coefficient shows a probabil i ty 
of 0.25 both when two individuals of the same progeny and when a paren t and its male or fe-
male progeny are mated. If, however, one or the o ther method is consequently applied in two 
or three successive generations, the progenies show considerable differences. It is so even if 
e.g. the male parent used in the parent-progeny mat ing is identical with the boar t h a t had 
been the male parent of the f i rs t generation in the progeny-mating system. 
After several generations the system of mat ing within the same progeny may result 
in new variants not sufficiently characteristic of either the initial male or the initial female 
parent. On the other hand, in the case of parent-progeny mating the following generations 
will more or less agree with the genotype of the individual by which the inbreeding has been 
carried out. All this means at the same time that when applying the method of parent-progeny 
mating less inbred generations are required to a t ta in an adequate homozygous level than when 
mating males and females of the same progeny, so the former system is much more favourable, 
even from the point of view of the time factor. 
Further , in certain lines where the sixth to seventh generations are being produced and 
the inbred level is consequently Fx = 0.10—0.12 many more problems of depression are en-
countered today than in other lines with a much higher — even 0.25 — inbred level developed 
through fewer generations. In the case of such lines a higher value can — naturally — be set 
on conformity in a genetic sense. 
It is a frequently observed phenomenon too, t h a t in a litter produced by mating a male 
with its female progeny there are piglets whose viability and growth do not even show the 
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least sign of inbreeding, while other piglets in the same litter show a high depression. In this 
case it is supposed that al though they are of the same litter - ill some piglets a lower, 
while in others a higher homozygous level is brought about than that assumed by the Wright-
coefficient. It would obviously be a mistake to take only the recorded inbreeding level of such 
litter-mates in consideration. Therefore — after eliminating the lethal gene effects — with 
a view to the supposedly high homozygous level male progenies showing a depression are given 
preference to the vigorous ones. Namely, supposedly the planned homozygosity has been bet-
ter realized in the former. In such litters female piglets required for the maintenance of the 
line are chosen from the vigorous ones, while those showing depressions will be discarded. 
Namely, the fu r ther maintenance of the line would otherwise he jeopardized. At the same t ime 
we must be aware of the fact t ha t these animals are not , in fact, at the homozygous level they 
are thought to be at on the basis of their herd-book da ta . 
To sum up the above methodological observations, inbreeding is considered to be an 
indispensable means of pig hybridization. At the same time, it is impor tant to point out t h a t 
the term "inbreeding" is far from meaning a single scheme of solution: it resembles a musical 
instrument with many strings which offers various possibilities of playing. 
Line breeding carried on with the purpose of pig hybridization requires a special way 
of selection too, which is not, however, identical with the one used at present in pure-breeding. 
In line breeding serving as the basis of hybridization the main point is to develop a genetic 
conformity as loci containing non-addit ive genes. I t is thus evident t h a t we must not t ake 
too many characteristics in consideration in the course of the matings if we are to advance 
a t a reasonable ra te toward the main objective. 
The major characteristics influencing the economic production of pigs can be divided 
into three groups: 
a) properties related with productivity and viability on the mother ' s side; 
b) properties related with growth and feed conversion; 
c) properties determining the quality of the slaughtered pig. 
Those belonging to the f i rs t two groups are characteristics which — being of no, or 
only slightly addit ive nature — may be improved by crossing in proportion to the value of the 
combination. 
On the other hand, it is known that as regards the properties related with the qual i ty 
of the slaughtered product no improvement caused by the effects of crossing can be expected. 
They are t ransmit ted in an intermediary way corresponding to the mean value of the jo in t 
properties of the parents. 
Characteristics transmitted in a non-additive way usually have a low ft2-value.The 
lower the value of the latter, the more it represents characteristics tha t show a great depression 
as a result of inbreeding. They display, however, the most expressed effects in crossing. In t ra -
allele and interallele gene interactions playing a decisive role can mainly be expected in gene 
loci determining the value of these characteristics. 
Characteristics with high h2-values t ransmit ted on the basis of additive gene effects 
show a different behaviour in the course of breeding. They are but slightly affected by depres-
sion caused by inbreeding, on the other hand, they are not found to improve by crossing. In 
crossing they show an intermediary course of transmission — just as in the case of pure breed-
ing. As to the intermediary course of transmittance it must be noted t h a t here we are speak-
ing of a continuent intermediary effect, in contrast to the Mendelian intermediary t ransmi t -
tance known with the qualitative character where in the s3cond and subsequent generations 
segregation can be observed. 
Between these two groups showing different ways of transmittance are the characteris-
tics whose ft2-values are medium high ranging from 0.2 to 0.3. They include first of all those 
influencing the growth vigour and the feed conversion. These characteristics are t ransmit ted 
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part ly in an additive par t ly in a non-additive way, thus represent ing a transition be tween the 
two former groups. Consequently, these proper t ies react to inbreed ing with a lower degree of 
depression, while in the case of crossing may shown some effects — even if the l a t t e r are not 
too significant . Therefore in t h e case of these propert ies a s imul taneous application of selection 
and tes t ing for combinability seems to be desirable. 
W h a t has been said a b o u t the three g roups of characterist ics at the same t i m e throw 
light upon the fact tha t selection made in pig hybridization has t o be fully co-ordinated with 
the above aspects. 
If the main point is to develop the genotypic conformity of non-additive properties 
within the line, and — in t h e second place — selective progress h a s to be made in t h e additive 
properties influencing the qua l i ty of the s laughtered product t oo , t hen there is no possibility 
left to make a simultaneous selection in the non-addi t ive propert ies, too. This would jeopardize 
the improvement expected in t he most i m p o r t a n t characteristics. Therefore, a compromise is 
needed a t this point. For proper t ies like resistance, fertility, piglet raising ability, g r o w t h vig-
our and feed conversion no selection is made wi th in the line. Hybr id iza t ion renders th is pos-
sible, since the manifestation of these propert ies in the crossed progenies depends on nicking 
rather more t han on the p a r e n t s ' qualities. T h e lower the h2-value of a character, t h e more 
probable its realization. Therefore in the selection of lines the a v e r a g e level of the quali t ies of 
the initial breed is taken as a basis. According to our experience — though depression caused 
by inbreeding may result in a deterioration of t h e members of t h e line — when t h e y are used 
for crossing this does not cause any disadvantage. Namely, wi th these properties t w o factors 
may be added up in the crossing: one of them is t he crossing ef fec t — which is not t h e same in 
every case —, the second is t h e t ransmit t ing abi l i ty of the p a r t n e r s . The latter general ly man-
ifests itself in proportion to t h e /t2-value character is t ic of the va r ious qualities. These two fac-
tors jo int ly determine the non-addi t ive character is t ics of the crossed progenies. 
B) Production of synthetic paternal lines 
As referred to in the course of discussing the production of pure-bred p a t e r n a l lines 
immigrat ion is an indispensable way of main ta in ing highly inbred l ines consisting of a relative-
ly small number of animals. One of the possibilities of immigrat ion is to introduce individuals 
valuable for their additive proper t ies from a n o t h e r breeding s tock of the same in i t ia l breed. 
The other possibility is to use animals belonging to a different b r eed . This does no t represent 
any danger to the maintenance of the homozygous state as far a s t he dominance of the line 
can be preserved. This can be a t ta ined by m a t i n g the animals or ig ina t ing from a n o t h e r breed, 
— and later their progenies too — with the m o s t inbred members of the line. As long as the 
origin of such immigrated an imals is deliberately changed, this serves as a way of in t roducing 
fresh blood in the line. I t m a y occur, however, t h a t — as a result of certain condit ions — spe-
cial — synthe t ic — lines are produced. For example , on the " N o v e m b e r 7" Co-operative Farm 
at Balatonszabadi a male p rogeny with quite unusua l muscles w a s born by mere chance in 
one of the lines. The typical ly four-hammed pig was set to b reed ing as soon as possible, and 
mated with sows (from lines I , I I , I I I , IV, V I I ) which came neares t to this type. Unfo r tuna te ly 
the original boar died af ter one year , still some 60 litters originated f rom it. From the se litters 
we selected the piglets which inheri ted the same ex ten t of muscu la r i ty . In the f i rs t generation 
minor fau l t s — like small f r a m e , short and low body , etc. — were overlooked in m a n y of the 
animals. The best males were appointed as s tock boars of the l ine . Partners were chosen for 
them on the basis of a mat ing scheme, using back-crossing to the outs tanding qual i ty ancestor 
in every case. From the t h u s produced larger second generation individuals could be sorted 
out which, though showing t h e original muscular i ty , did not m e e t the other requi rements . 
The presence of more than one line — through the mothers — ensured in this popu la t ion a 
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genotypic variance sufficient to carry o u t a strict selection. By now a va luable synthetic pa-
t e rna l line (marked " C X " ) has been developed, which contains a considerable number of 
an imals with a muscle system similar to t h a t of the Pietrain breed, but with a n about 8—10 cm 
longer body, larger f r a m e and no p igment . As a particular value, it possesses the muscularity 
of t he most muscular breeds in the wor ld : the Pietrain a n d the Belgian lowland pig, without 
being related to t h e m . I t is, therefore, a highly suitable crossing partner for them which ex-
pla ins the great in teres t shown by t h e western breeders. In this synthetic line a continuous 
intensive inbreeding to the initial individual was applied, so today it is sufficiently homoge-
neous. Its main advantages include t h a t i t combines the great body length wi th an unusually 
lean muscle system. 
The development of the paternal line "CX" presented as an example also seems to prove 
t h a t the method of synthetic line breeding enables the amalgamation of outs tanding features 
-— transmitted mainly on an additive genetic basis — of animals belonging to different breeds, 
t h e n their stabilization and reliable t ransmit tance by subsequent inbreeding. The development 
of a synthetic line like that requires — according to our experiences — a population of about 
200 sows, further, t h a t the progenies of the other breeds utilized should serve the purpose of 
introducing fresh blood in the line over generations, wi thout hindering t h e stabilization of 
t h e qualitative level of the required characters . In the ci ted example this was feasible in such 
a w a y that the best male progenies of the initial boar farrowed by sows f r o m different lines 
were kept. In developing the subsequent generations, besides an inbreeding to the initial boar 
t h e alternating of t he formers serves two purposes: 
a) Inbreeding is only performed with the initial boar and not with i t s somewhat lower 
va lue partners. 
b) A new immigration can be postponed to a l a te r date after the development of the 
l ine. 
Namely, in t he case of certain synthet ic lines which, e.g. are based on animals of quite 
extraordinary qualities it makes all t h e difference whether a new immigrat ion — which is 
unavoidable if fert i l i ty is to be mainta ined — is carried b u t when the line has been genetically 
stabilized or when it is still at the s tage of development. 
Our experiences obtained with t he method are summarized as follows: 
a) it is of importance first of all in the case of addi t ive character properties; 
b) in the f i rs t generation af ter crossing those animals are to be kep t which in the re-
quired property have inherited the prominence of their parents even if t he i r other properties 
do no t attain the expected quali tat ive level. Those animals which, t hough satisfactory in 
general, are not sufficiently typical in t h e property chosen as the main t a rge t to be at tained, 
are less valuable f r o m the point of view of breeding, considering the way t h e additive charac-
teristics are t ransmi t ted . Although w i t h the traditional way of selection such animals seem 
to be better than those possessing, e.g. enormous hams b u t at the same t ime short legs, still 
for the present method they are less sui table than the l a t t e r ones; 
c) in the second generation a f t e r crossing, but only when a fairly large population is 
available which a t t a in s the planned level in the desired properties, the culling of animals which 
in some other aspect deviate from t h e standard may begin; 
d) the desired genetic basis of t h e produced new population is stabilized by inbreeding, 
t he genetic conformity in the non-addit ive characters is established; 
e) when developing a synthetic line inbreeding should be performed with the founder 
of t he line from the beginning, and n o t with its less valuable former pa r tne r s ; 
f ) immigration required for maintaining the fer t i l i ty of the new line should he post-
poned by an adequate programming of the line boild-up to a date when the genetic stability 
will have been ensured. In this way immigration no longer threatens to impair the quality 
of t he already established characters. 
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F r o m then on the line produced b y th is synthetic breeding method can be considered 
identical wi th any other population of non-synthe t ic origin. 
C) Development of F , paternal combinations 
T h e term F, -combina t ion is usually understood to m e a n the 50—50 gene percentage 
males of a line based on two different breeds . They are most ly produced for economic reasons. 
I m p o r t a n t aspects are t he relatively low n u m b e r of inbred (i.e. expensive to m a i n t a i n ) animals 
required for the method, and the better v iabi l i ty , resistance and libido of t he crossed males 
compared to the inbred ones. A disadvantage of the method is, on the other h a n d , t h a t special 
combining ability, heterosis effects are more diff icul t to a t ta in t h a n when using pure- l ine males. 
There are a great many pig types in the wor ld . There are fu l l -bred bacon-type pigs, and pig 
types wi th extraordinary wide musculature which at 100 kg slaughter weight show the best 
indices of meat yield. F u r t h e r , there are pigs representing va r ious transitional f o r m s between 
the two. The pig types can be divided aga in according to the i r demands into g roups highly, 
medium and less reactive to the ecological conditions. 
I t is not a single " s t a n d a r d hybrid t y p e " tha t we want t o develop in our b reed ing work; 
we are endeavouring to p roduce animals m e e t i n g the most diversif ied requirements . According-
ly we h a v e developed lines which may fu l f i l a special demand for bacon-types, b u t also ones 
able to realize maximum requirements by t he i r excellent muscle system. There a r e variations 
adap tab le to various in tensive managementa l conditions which a t the same t i m e serve the 
main purpose of our work: a more economical production by pig hybrids. 
A f t e r these pre l iminary remarks let u s point out tha t we consider the " t a n d e m - s y s t e m " 
combinat ion of inbred p a t e r n a l lines to be t h e most feasible w a y of producing F , combination 
pa te rna l lines. The deve lopment of these t a n d e m s is determined by two factors : 
a) combining abi l i ty between two l ines, then between t h e combination of t h e two and 
the p a r t n e r ; 
b) t he economic t y p e and its relat ion wi th the market demand . 
I n the former case decision is made exclusively on the basis of test resul ts . As pointed 
out before , special combining ability between a paternal line of two breeds and a ma te rna l line 
similarly of two or more breeds can hardly be expected. According to our exper iences a more 
or less expressed crossing effect can be o b t a i n e d in this case, b u t heterosis — b a s e d on inter-
and intraal le le gene in teract ions — only se ldom, and if so, i ts reproducibili ty is a n even more 
difficult t a sk . 
Such possible t a n d e m groups are: 
In bacon- type In ham-type I n other type 
Sweedish landrace Pietrain Hampshi re 
Danish landrace Belgian l andrace Lacombe 
English landrace KA-HYB " C X " G e r m a n landrace 
Sweedish large white KA-HYB C X I . Engl ish large whi te 
KA-HYB C X I I I . 
There are, however, demands raised b y the market for m a x i m u m maternal product ivi ty 
(ba t tery piglet factories). Others seek for a p ig t ype with a top r a t e of growth and feed conver-
sion. Such are,e.g. the fa t ten ing-farms which are in partnership wi th the piglet fac tor ies . Their 
interest lies in the most economical fa t t en ing of the delivered animals so as to a t t a i n the re-
quired live weight in the shor tes t possible t i m e . 
T h e tandem-system production of h y b r i d paternal lines is able to realize these objects 
too. In such cases the combinabil i ty tests of t h e lines give an answer to the ques t ion which of 
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the F j paternal combinations are able to a t t a in outstanding results in a certain priority feature. 
In our own practice several years experience is available concerning the different lines. For 
example: 
Lines transmitting the highest fertility: 1I/A, III, IV, VI I , X I , L. 
Lines transmitting the highest growth vigour: И/А, IV, X I , L, LIII. 
Lines transmitting a special muscularity: I, XLIX, LI, L U I , CX, CXI, CXII I . 
Lines transmitting the best pork quality: I I , IV, XLIX, CX. 
Lines transmitting the strongest const i tut ion: I,, II, VII , X L I X , L. 
The results of extensive tests performed so far enable efficient occasional transformations 
of the individual lines in to tandems. On the other hand, it is a piece of luck t h a t certain lines 
are simultaneously counted among the best transmitters in other very impor tan t properties, 
too. So to cite the former example — a piglet factory wi th two thousand sows supplying 
7—8 fattening plants wi th piglets raises a double demand: 
a) for a materna l line showing the highest possible fertili ty and piglet raising ability, 
since the economic efficiency of pig breeding in such a p lan t is decisively determined by these 
qualit ies. 
b) It has to produce piglets with the highest possible growth rate and feed conversion, 
as the economical product ion of its par tners decisively depends on these qualities. 
In this special situation it is of particular importance that the lines marked II/A, IV, 
X I and L are by far superior to the other lines in t ransmit t ing both properties. The four part-
ners are in themselves suitable for the rapid production of a hybrid for this special purpose. 
It requires consideration whether to develop pa te rna l tandems from different types 
for example from an extreme bacon-type and a similarly extreme ham-type . Namely, in 
this case opposed effects therefore compensating each o the r — can be expected in the com-
binat ion even if the crossing effect were in itself favourable. 
As regards the addit ive characters the attainable resul ts can be calculated in advance. 
In t he case of the non-addit ive properties, on the other hand , which fundamental ly influence 
the economical product ion of pork, negat ive surprises may even occur. We refer here to the 
s ta tement that as a resul t of crossing the crossing effect and the inheritability of the propert\ 
in question are added up . 
The advantages of the method of male production are thus: 
a) The product ion costs are much lower, as a smaller number of inbred animals have 
to be maintained. The cost of raising males excluded for some reason from breeding means a 
smaller loss to the producing unit than in the case of inbred boars. 
b) As to viabi l i ty , resistance, readiness to mate and fertility the F1 boars are superior 
to the pure-bred ones. This holds true especially of the representatives of the "four-hammed"' 
type , in which difficulties arising in the mentioned properties are much greater than in the 
case of other types. 
The disadvantages are: 
a) With the .Fj-eombination pa terna l lines, when coupled with maternal lines of more 
t h a n one breed, t rue heterosis effects — superdominance, epistasis, etc. — are more difficult 
to a t ta in than with pure-line males. 
b) The same applies not only to the effects of superdominance or epistasis, but also to 
the simple crossing effect . 
c) In the pract ice of pig hybridization a system in which the breeding fa rms buy hybrid 
sows only once will in all probability be the most feasible. T h e mothers of the following gener-
at ion will subsequently be chosen from the fattening stock. By choosing an adequate paternal 
line from them a me thod built on the basic principles of hybridization and ensuring a satis-
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factory result can be elaborated, which will be described when discussing the development 
of maternal lines. It requires, however, many more paternal lines, the maintenance of an ap-
propriate gene reservoir, and a continuous testing. The tandem-system use of males depletes 
this gene reservoir at a double speed which raises a number of fu r ther genetic problems. 
I I . 
Hybrid maternal lines 
The development of maternal lines for the KA-HYB hybrid pig is based on different 
methodological principles than tha t of he paternal lines. While in the case of the paternal lines 
we try to a t ta in the highest possible concentration of the non-additive gene basis, with the 
hybrid maternal population the aim is the opposite. Its development is based on the genetic 
principle t h a t the crossing effect depends in the first place on the extent to which the non-
additive gene pairs of the individuals become homozygous. Since there is supposedly a greater 
possibility of attaining this a im—with a repeated and systematically performed combination, 
the methodology of sow production has been elaborated from this point of view. 
The inbred level of the maternal - initial - basic line may reach the limit of depression, 
that is ranges between 0.10 and 0.15 F, values f rom the beginning of the work. In the first 
three or four generations produced by us the general productivity of the line remained at the 
average level characteristic of the breed. However, in the subsequent generations the non-addi-
tive genetic variance was greatly reduced in spite of the fact that the inbreeding coefficient was 
left unchanged, and this resulted in a decreased productivity. We endeavoured to balance the 
situation thus developed by establishing an incentive price level and using high nutr i t ive value 
feed concentrates. 
We are justified in mentioning the lat ter in this place by the fact that the depression 
caused by inbreeding increases to a great extent the sensitivity of the animals to their environ-
ment. 
Owing to the fact tha t as a result of inbreeding the buffering capacity has become labile, 
increased demands are raised towards managemental factors. In improving our initial maternal 
line a good service was involuntarily done by the fact that the gene centre of this population 
had to be changed on several occasions. These changes took place in such a way that f r om the 
former place selected, high qual i ty young animals were transferred to the new place. This 
almost forced out a faster ra te of succession of the generations with all its advantages. This 
line originally had a stock boar named F E N I X for its founder, hu t later its progeny of the 
second generation called 8. F E N I X became the centre of the line. In its time this hoar showed 
the highest fat tening test results in Hungary. Of the sow stock initially originating f rom more 
than one family the sows Nos 1, 77 and 127 — in which the blood of the original F E N I X was 
multiplied, and which excelled by far in fattening ability — played a decisive role in the fur ther 
development of the line. 
At present the sixth—seventh own-bred generation of the line is being produced, in which 
the original concept of breeding and the goals of selection have remained the same. All present 
members of the line are inbred to 8. FENIX, and the mentioned excellent sows were the mating 
partners of the boar 8. F E N I X . 
From the methodology outlined below it follows that this population is becoming super-
fluous as a basic maternal line and will be t ransformed into a paternal line. Still we thought 
it necessary to discuss it in detail , since this line was the very first link in our entire work of 
pig hybridization, and will play an important role in the future too. 
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This basic maternal line was combined with three inbred partners: XI , IV and V. The 
feinale progenies born from these combinations were tested for maternal productivity. The 
evaluation of the f i rs t two farrows of each of at least 400 sows, and of the related characters 
seems to provide a reliable basis for judging a cross-combination. The most favourable of the 
examined alternatives was reproduced, then the first progeny was fur ther tested with new in-
bred partners. The results of the two-s tep series are given in Figs 1, 2. 
Fig. 1. Genetic construction of one of the maternal lines of KA-HYB (standard type) 
Fig. 2. Genetic construction of the maternal line of the KA-HYB super-ham type 
Both are three-line maternal populations. Of the components participating in their 
development the paternal lines are always highly inbred (Wright Fx — 0.25—0.37). In t he 
f irst years these maternal combinations marked 3 played the role of the mother for the end 
product. 
Increasing the maternal productivi ty is one of the most essential points in pig hybrid-
ization, as it is of greater importance f rom the point of view of economic efficiency than either 
t he improvement of the unit output , or feed conversion, or even the slaughter quality. 
The capacity of the hybrid pigs can be increased in two ways: 
1. By a recurrent selection of permanent character combinations — produced from few 
lines — these individuals will be given a more important role in the basic population whose 
progenies most frequently produce outstanding crossing effects. Namely, in the case of such 
progenies special intra- and interallele gene interactions are assumed to be produced in t he 
combination of the partners. This means that the parents of these crossed animals have such 
genes at their gene loci which in combination with a partner endowed with the same gifts 
induce such interactions. With a continued regular selection we can increase the number of 
individuals in the basic population which in the case of certain combinations may realize these 
— highly desirable — effects in their progenies to a greater extent than earlier. 
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2. Instead of the above outlined — undoubtedly slow — method we may try to find 
other, more efficient combinations by introducing more than one line. The la t te r method wdl 
by all means reduce the possibility of obtaining special gene effects — if it does not make them 
perfectly impossible. (I t should be noted, however, that there are hut limited possibilities of 
obtaining special gene effects even in the case of the four-line hybrid, particularly when F, 
combination males are used for them.) The prospects of obtaining a sound, intensive crossing 
effect — not based on superdominance and epistasis — are according to our experiences much 
A x В С * D 
AB CO 
A B C D 
Fig. 3. Classic formula of the discontinuant hybridization 
A ж В 
AB x D 
ABD x К 
V i 
A B D K x С 
\ t 
A B D K C x  
Fig. 4. KA-HYB scheme of continuant hybridization 
better. This is one of the compromises frequently encountered in the work of breeding and only 
avoidable in theory. 
In the methodology of developing the KA-HYB pig we follows the second procedure 
without discarding the method described in point 1. Namely, in most cases pure-line inbred 
paternal lines are used instead of the F1 paternal combinations. 
In developing the maternal lines we follow the genetic principle that the higher the 
crossing effect in the hybridization the more non-additive gene pairs become heterozygous in 
the sows producing the end product. The crossing effect can be best observed in respect of the 
resistance and the maternal qualities — conception, fertility, progeny rearing. Our method is 
therefore of special importance in the development of the mate rna l lines. An increased hetero-
zygosity more probably occurs in repeatedly crossed maternal lines than in the case of a single-
cross combination. The necessity of knowledge and purposefulness in producing these combi-
nations are, naturally emphasized. 
In this case the population of combination "AB" plays the mother's role for the end-
product. Selection is also determined by the maternal productivity manifest in the population, 
inasmuch as in the "A" and " B " populations too the role of the individuals whose female prog-
enies indicate the existence of special gene effects by their product ion records will subsequent-
ly be dominant. 
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The second par t of the investigation consists of f inding out what the fa t ten ing ability 
and slaughter quality of the end-product will be if the materna l population marked "AB" is 
crossed with the " C D " or other combination paternal line. 
The scheme of development in t h e breeding methodology of the K A - H Y B pig differs 
f rom t h e cited classical model. 
The difference between the two is shown first of all by the fact that the hybr id maternal 
lines a re in this case the results of repeated combinations — planned in advance and based on 
tests —, while the hybr id paternal lines a re always inbred, pure-line populat ions. 
This method offers a better chance for realizing the idea of ensuring the crossing effect 
most spectacularly demonstrable in the ma te rna l properties by a nearly op t imum heterozygous 
s ta te in the non-additive features. A great advantage of this method is its economicalness. Each 
breeder sow is assumed to produce five new sows a year, and each hybrid sow twenty porkers. 
The production of the hybr id sows exceeds by far that of the pure-bred ones; th i s is one of the 
most important points in our work. In fe r t i l i ty this means some 20 per cent, while in the annual 
n u m b e r of weaned piglets about 10 per cen t superiority. There are differences in the percentage 
less of sows too, which also has a considerable economical influence. 
When hybridizing after the classical model 2000 pure-bred sows have to be maintained 
to o b t a i n 10 000 hybrid sows, and from t h e m 200,000 end-products a year. I n the KA-HYB 
sys tem, on the other hand , only 400 pure-bred sows are required to a t ta in t h e same result. 
As to the economic efficiency of production it makes an essential difference whether the grand-
pa ren t s on the mother 's side are pure-bred, or already crossed, themselves. If they are pure-
bred, th is means — according to our model — four thousands less piglets a yea r , with only a 
single factor taken into account. If — and this would be, in fac t , the aim in such a case — the 
blood of the parents of individuals showing special gene effects becomes dominan t in the initial 
populat ions, then the possibilities of selection for productivity in the line will be still more re-
s t r ic ted , so it will fall back even compared with a normal pure-bred population, because in the 
la t te r selection can be made for it as well. 
In our own methodology in the course of time we have part ly given u p — based on these 
considerations — to develop superdominance or epistasis by the continuant maintenance of 
an F1-construction hybr id maternal populat ion. In the case of maternal lines we produce 
ins tead , multiple — b u t purposefully-crossed maternal populations at a much more favourable 
inpu t cost and in larger numbers, na tura l ly with a selection aimed at increasing the hetero-
zygous state of the non-additive gene pai rs . The pure-line and inbred paternal lines replacing 
the E , males have had in our practice - a more concentrated influence on the end-product 
as well as on its phenotypic uniformity. This method means at the same t ime certain genetic 
recompensation too. Namely it almost gives the same chance of obtaining h igh value effects 
as in the case of applying the classical model , only the centre of action of the components is 
t ransferred . 
After these prel iminary remarks we present here our methodology of producing hybrid 
m a t e r n a l lines (Fig. 7). 
The origin of the sow population " 4 " shown in Fig. 7 can thus he t radi t ional ly represent-
ed as follows. 
This method of producing mate rna l lines may be called continuant hybridization. It 
has t w o essential components: 
1. It enables a be t te r approximation of the optimal heterozygosity of t h e hybrid mater-
nal lines — in the non-addit ive gene pai rs —, with all the known advantages. 
2. The evaluation of the crossing ef fec t is not built — as in the t radi t ional method on 
I he resul t of crossing all partners with one another, but decidedly on the nicking between the 
inbred paternal lines producing the successive generations. 
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According to our experiences it is not the same, even in th is case, whether we work 
with crossed, pure-bred but not inbred, or with inbred paternal lines. 
In practice this means, in fact, that in the concept of producing KA-HYB cont inuant 
maternal lines the importance of the extreme maternal origin is pushed into the background. 
The combination of the two paternal lines used in the last step always plays the decisive role. 
A large amount of experience gained in our twelve years work is available concerning the fa-
vourable combinations. 
2 0 0 0 " A " " B " 
10,000 " C D " 
200.000 
end - product 
Fig. 5. Distribution by breed of the sow stock in discontinuant hybridization 
When using F, paternal lines the situation is different. Quite naturally the possibility 
of clearly distinguishable nicking — already reduced from the mother 's side decreases here. 
It is caused by the large number of participant lines playing a practically equal role in develop-
ing the end-product. 
Í 0 0 " A " " B " 
2 0 0 0 " A B " " D " 
10,000 "K' 
200,000 
end - product 
Fig. 6. Distribution by breed of the sow stock in continuant hybridization 
The use of pure-bred but not inbred tarna results in a more favourable situation than 
that brought about by the application of Fl paternal lines, because in this case pure-bred males 
are used instead of males originating from the combination of two partners . Since, however, 
the genetic variability of a breed is always higher than that of an inbred line, the expected 
dominance of the combination is not sufficiently ensured yet. 
Our work is built in the f i rs t place on cross combination tests performed with the inbred 
paternal populations. As the homozygosity of their genotype creates an aspect more favourable 
for us, its manifestation in the genotype of the progenies is apparently more expressed. 
8* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
3 7 8 VARIA 
The main point of the system of producing hybrid maternal lines — as seen in Fig. 7 — 
is t ha t the female individuals of t he population originally planned to be the end-product are 
regularly subjected to testing including their maternal performance. 
This method occasionally renders the detection of new qualities possible which may 
exceed by several tenths the performances of the previous maternal line. Taking environment 
genotype interactions in consideration the results of the first and second farrows of at least 
400 sows per poulation are analyzed. This covers: 
— the number of losses in sows, 
— the percentage of conception, 
— the number of piglets born , 
— the number of piglets a t the age of 21 days, 
— the progeny raising abil i ty of sows. 
If any of the cross-combinations are proved to be better than the previous ones, their 
systematic reproduction is the following step. The process of reproduction takes about two 
years. During these two years the female progenies originating from the very first farrow are 
subjected to similar tests, so by the t ime the previous line is put into commercial use we know 
whether a fur ther step is possible wi th them, and if so, what paternal line will be the most suit-
able mating par tner for the next generation. 
According to our experiences gained so far the maternal performance of the successive 
generations has not in any case proved worse than the previous one, b u t many of the variat ions 
have not been bet ter . In other cases, again, while the maternal performance of such new ma-
ternal combinations exceeded the performances of their mothers, the qual i ty of the end-product 
born from them did not represent any improvement, tha t is, suitable partners had not been 
found for them. I n such cases we had to stop. 
The practice developed in t he course of this work seems to prove tha t the utilization of 
the successive end-product generations as female parents is theoretically possible. This can be 
continued as long as by mating t h e m with suitable paternal lines we are able to produce pop-
Fig. 7. Model of test and continuity 
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ulations somewhat exceeding, or at least reaching the level of the previous generations. In 
practice this means t h a t until a certain optimum heterozygous state sets in, the method may 
result in animals wi th better qualities than the previous ones. If in such a work an adequate 
gene reservoir is available, the genetic " l imit" can be considerably extended. However, unt i l 
this point is at tained new maternal constructions can parallelly be produced which in a given 
case may assume the role of the earlier ones for fu r ther 10—15 years. In pig hybridization 
it would be a great mistake to build everything on a single "construction". I t is, therefore, 
advisable to work wi th more than one parallel variation — concerning their type and crossing 







Fig. 8. Origin of the maternal line No. 4 on the basis of Fig. 7 
Every new "would-be" maternal line is studied f r o m three aspects: 
1. From the aspect of its own maternal performance. This includes their physical 
strength and capacity as mothers. This is to some extent distinguished from their combining 
ability with other pa te rna l lines. 
2. Tests are performed to f ind out what male par tners are able to produce an end-
product best meeting the requirements of economicalness and the demands of the market 
and whether they are able at all to produce such progenies. 
3. Which is the paternal line by which progenies suitable to produce a new sow genera-
tion can he obtained. I t is not always identical with the par tner that ensures the most favour-
able end-product. In the latter case we also examine the economic properties to be reckoned 
with in the course of raising the "would-be" sows and the other members of the litter unt i l 
they reach a live-weight of 110 kg. 
Prepared at the Agricultural College, Kaposvár. 
A . A N K E R 
8* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
3 8 0 V A R I A 
R O L E O F S T E M - F R U I T R E L A T I O N IN T H E A F T E R - R I P E N I N G PROCESS O F R E D 
P E P P E R S 
The red colour of red pepper berries is significantly influenced by the t ime of harvest , 
stage of f ru i t ripeness and t ime and method of after-ripening. 
Comparisons of various methods of af ter- r ipening have revealed tha t a s ignif icantly 
higher p igmen t content can be at ta ined when t h e berries are left on the cut off s tem dur ing the 
period of af ter-r ipening t h a n when they are r emoved from the s tem before af ter- r ipening. 
Table 1 
Pigment content developed by after-ripening in red, sooty and green berries of the 
"Csokros csüngő" red pepper variety 
Pigment content g /kg 
Harves t ing 
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— = The connection between stem and f ru i t was broken during af ter- r ipening; after-
ripening of removed berries 
+ = The s tem-frui t relation was m a i n t a i n e d during af ter-r ipening; a f te r - r ipening on 
removed s tems 
The less ripe the otherwise fully developed berry the higher the influence of s tem-frui t 
relation on the pigment con ten t developed b y after-ripening. In the pigment fo rma t ion of 
unripe f ru i t s during af ter-r ipening the relat ion wi th the stem is decisive. On the af ter - r ipening 
of red-ripe f ru i t s , on the o ther hand, the roo t sys tem has a favourable effect. 
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Tîie ground p roduc t of the red p e p p e r fruit-walls is a spice speciality. I t s value lies in 
the f i rs t place in its red colour. The H u n g a r i a n red pepper is world-famed for i t s flame-red 
colour and excellent f l avou r . The world-wide reputat ion is ensured by the f i r s t - r a t e varieties 
and favourable climatic conditions of H u n g a r y . Beyond these two factors t h e conditions of 
processing — especially t h e after-ripening of t he berries — decisively influence t h e colour and 
qual i ty of the end-product . 
Table 2 
Pigment content in the ground product obtained from the total yield (joint amount 
of red, sooty and green berries) of "Csokros csüngő" red repper plants in the case of 
different harvesting times and after-ripening methods (1972) 
P i g m e n t content g/kg 
Harves t i ng time After-ripening of 
removed ber r ies 
After-ripening of 
berries on t h e 
removed s t e m 
At the beginning of September 4.62 = 100% 6.40 = 139% 
Mid-September 5.02 = 100% 5.78 = 115% 
At the beginning of October 5.10 = 100% 5.13 = 101% 
In a generally used method the berr ies are removed f r o m the stem before submi t ted to 
af ter-r ipening for 4—6 weeks (YINKLER 1971). Compared t o t h e pigment level t h u s developed 
a s ignif icant ly better resu l t can be a t ta ined , however, by the me thod of "Af te r - r ipening on the 
cut off s t e m " elaborated a t the Hor t icul tura l Research I n s t i t u t e (ANGELI—SASVÁRI 1971, 
SASVÁRI—LÁSZLÓ 1972). Experience shows t h a t a more f avourab le pigment level can be de-
veloped by after-r ipening when the connect ion between s t em and fruit is ma in ta ined than 
Table 3 
Variance analysis of factors influencing the pigment content (g/kg) of red. sooty 
and green red pepper berries 








Time of harvest 1 19.3*** 97.5*** 13.5*** 
Period of after-ripening 1 0.1 1.6 0.4. 
Way of after-ripening 3 5.2** 3.5* 4.6*** 
Primary interactions: 
Harvest ing time and after-ripening time 1 9.5** 4.8* 0.4 
Harvest ing time and way of after-
ripening 3 2.9 3.4* 4.7*** 
Time and way of after-ripening 3 8.7*** 0.6 2.1* 
Harvest ing time, time and way of 
after-ripening 3 2.2 3.1* 0.8 
Error 45 1.2 0.9 0.5 
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when i t is discontinued. Berries af ter-r ipened on the cut off s t em will have a higher pigment 
con ten t t han those r e m o v e d from the s t e m (Tables 1—2). 
As no detailed informat ion was avai lable on the inf luence exercised b y t h e stem—fruit 
re la t ion on pigment f o r m a t i o n we s ta r ted an experiment t o f i n d out how and to what extent 
berries of various r ipening stages left on t h e s tem were inf luenced by the other p a r t s of the stem: 
foliage, shoots, roots. T h e investigations covered other f a c t o r s acting on p i g m e n t formation 
too, namely : the t ime of harvesting and t h e period of af ter - r ipening. 
The starting p o i n t of after-r ipening was determined b y the following th ree stages of 
r ipening: the red ber ry was the ripest, t h e so-called " s o o t y " be r ry medium r ipe and the green 
ber ry the least ripe. W i t h i n each group of r ipening the effect of the time and way of after-ripen-
ing on the pigment c o n t e n t was studied in four replications. 
Table 4 
Effect of harvesting date and after-ripening time on pigment content developed by 
after ripening in the red, sooty and green berries of "Csokros csüngő" red pepper 
plants (pigment content g/kg) 
Period of a f t e r - r ipen ing 
H a r v e s t i n g t ime and Effect of harves t -
r ipen ing stage ing t i m e 
4 weeks 6 weeks 
Earlier harvest (beginning of 
September) 
Red 8 . 0 а Ь 8.7ab 8.4 
Sooty 6.5 7.4 6.9 
Green 3.9' 3.6' 3.8 
Later harvest (inid-September) 
Red 7.7" 6.7 7.3 
Sooty 4.6d 4.3d 4.5 
Green 2.8« 2.8« 2.8 
Effect of the t ime of after-
ripening 
Red 7.9C 7.8C 
Sooty 5.5е 5.8е 
Green 3.4h 3.2h 
Note: Between f igures marked w i t h the same le t t e r there is no s ignif icant difference, 
hut be tween unmarked p igmen t values be longing to the same ripening group 
there is a significant d i f ference at least a t P ° 
Harvesting was carried out on a single occasion, e i ther a t an earlier d a t e (a t the begin-
ning of September) on l a t e r (in mid-September) . In each ease t w o periods of af ter-r ipening were 
employed: a four-week and a six-week period. Both af ter - r ipening periods were separately 
applied for each way of after-ripening. T h e following ways of after-ripening were used: 
1. The connection between s tem a n d berry ceased. T h e berries removed f rom the stem 
were after-ripened in n e t bags hung un a covered hut not closed place. 
2. The berries were left on the s t em , bu t the stems were pulled out of t h e soil and laid 
one by one on the g round in rows. So t h e examined berr ies remained in connect ion with the 
o the r par t s of the s t e m : berries of var ious ripening stage, foliage, shoots, wi th an inactive root 
sys tem. 
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3. The berries were left on the stem. The to ta l ly defoliated s tems having been pu l led 
out of the soil were placed in rows on the ground. So the examined berries remained in connec-
tion with the o ther ones of various ripening stage, and with the shoots — - wi th an inactive r o o t 
system. 
4. The berries were left on the stem, and the defol ia ted stems in t h e soil. So the e x a m i n e d 
berries remained in connection with other berries of va r ious ripening s tage, and with the s h o o t s 
and the in tac t root system. 
Wi th each sampling the same number of berr ies was taken. The stage of r ipening w a s 
established a t the t ime of harves t ing; the removed berries were placed in separate ne t b a g s 
Table 5 
Effect of harvesting time and after-ripening method on the pigment content 
developed by after-ripening in red-, sooty- and greenripe berries of "Csokros csüngő" 
red pepper plants (pigment content g/kg) 
Harves t ing t ime and 
r ipening stage 
l 
W a y of after-ripening 
w i t h t he stem-fruit 
relation 
s topped maintained 
2 1 3 4 
Ef fec t of 
harvest ing t i m e 
Earlier harvest (beginning of 
September) 
Red 7.4ah 8.5"' 8 . 0 a k 9.7 8.4 
Sooty 5.8 7.2e 7.0° 7.6° 6.9 
Green 2.4e 4.8d 4.4d 3.5' 3.8 
Later harvest (mid-September) 
Red 7.0«b 7.7«' 7 .26k 7.3« 7.3 
Sooty 4.5lm 5.11 3.9m 4.4Im 4.5 
Green 2.9en 3.1n 2.6" 2.8'" 2.8 
Effect of the way of after-ripening 
Red 7.2r 8 .1" 7.6" 8.5' 
Sooty 5.1" 6.2* 5.5"* 6.0* 
Green 2.6 3.9V 3.5TZ 3.22 
Note: Between figures marked with the same le t ter there is no significant d i f ference, 
b u t between the u n m a r k e d pigment values belonging to t he same r ipen ing 
group (red, sooty or green) there is a s ignif icant difference a t least at P 6 % . T h e 
ways of after-ripening 1—4 correspond to those discussed under "Material a n d 
m e t h o d " 
according to the i r respective colours, and those left on the stem were m a r k e d in a similar w a y . 
Where the s t em-f ru i t relation was maintained dur ing after-ripening we endeavoured to p i ck 
berries of identical ripening stage f rom the same s tem on each occasion of sampling, so as t o 
ensure the same t ime of after-r ipening. 
The p igmen t content was determined by Benedek ' s method. The tab les show g/kg pig-
ment content values. They mean the g quant i ty of t o t a l pigment content expressed in c a p s a n t -
ine per 1 kg g round red pepper. The pericarp obtains i ts red colour f r o m a higher quan t i t y of 
capsantine and A smaller quant i ty of capsorubine ( C H O L N O K Y 1 9 3 7 , 1 9 5 8 ) . T h e pigment c o n t e n t 
values of the tab les are always re la ted to dry m a t t e r . 
The exper imenta l results were evaluated by var iance analysis. 
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The var ie ty used in tue experiment was: "Csokros csüngő fűszerpaprika (a rosette-
type pendant red pepper variety) . 
The variance analysis of factors influencing the pigment content is shown in Table 3. 
The effects of the harvesting time and after-ripening period are shown in Table 4 and 
tha t of the way of after-ripening in Table 5. F rom the data of the experiment the following 
conclusions can be drawn: 
1. The t ime of harvesting has a significant influence on the amount of pigment devel-
oped with after-ripening in the f ru i t wall of the ber ry . An earlier harvest ensures a singificantly 
higher pigment level than a la ter one. 
2. The way of after-ripening — the existence or non-existence of a connection between 
stem and frui t during the period of after-ripening — significantly influences the pigment con-
tent. The less r ipe an otherwise fully developed berry , the more impor tan t the maintenance of 
stem-fruit relat ion during after-ripening. Regarding an earlier harvest and different ways of 
after-ripening, a significantly higher pigment content can be attained in sooty and green frui ts 
by after-ripening on the removed stem. In the p igment formation of berries thus after-ripened 
the connection with the shoot system is the decisive factor. The foliage — as it soon withers 
and falls off — does not cause any significant change in the pigment content. The after-ripen-
ing of red-ripe berries left on the stem, on the other hand , is favourably influenced by the intact 
root system. 
3. The four - and six-week period of after-ripening used in the experiment did not sig-
nificantly influence the pigment formation. We have to note here t h a t in analyses performed 
later taking a wider range of after-ripening periods in consideration the significant effect exert-
ed on the p igment formation could be pointed out ( L Á S Z L Ó — S A S V Á R I 1 9 7 3 ) . Namely, the curve 
of pigment conten t plotted as a function of the after-ripening period shows a max imum at 
five weeks of after-ripening. Therefore, three and f ive weeks of after-ripening — if t aken in-
stead of the four- and six-week period (before and after the maximum) — would supposedly 
have significantly influenced the pigment format ion. 
The highest pigment level would be a t ta ined if the red pepper berries were left on the 
stem until the pigment content value corresponding to the character of the variety developed. 
Since this is no t made possible by the meteorological conditions, a nearly opt imum result 
can be a t ta ined by maintaining the stem—fruit relat ion during the period of after-ripening. 
* 
Prepared at the Hort icul tural Research Inst i tute , Budaté tény . 
К . LÁSZLÓ 
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T H E INITIAL PHASE OF TRAUMATOGENIC RESPIRATION 
At the Research Ins t i tu te of Precision Engineering, wi th the kind assistance of Mr. 
György Révész electrical engineer, head of depar tment , we have constructed an instrument 
for special respiration measuring purposes. Any information on the technical details of measur-
ing can be obtained for the t ime being from the above mentioned insti tute only, so we cannot 
touch upon this subject here. 
The new methodology has made it possible to study the so-called t raumatogenic res-
piration appearing after the in jury of plant pa r t s ( F A R K A S 1 9 6 8 , F R E N Y Ó 1 9 5 4 , R O S E N S T O C K 
et al., 1972) in an initial phase that so far has not been sufficiently accessible to investiga-
tions. 
Although traumatogenic respiration is a phenomenon somewhat similar to parasitogenic 
respiration, as in both cases t he compartmentization within the cell is expected to b reak up, 
we do not wish to lay special emphasis on the importance of the initial phase. The processes 
starting several hours after the injury and introducing the regenerative division, callus for-
mation and suberification, respectively, are certainly far more important (KAHL et al., 
1970). If we were to categorize we might call t he subsequent increased respiratory activity, 
most thoroughly studied so far , secondary traumatogenic respirat ion which is connected 
with a new protein or enzyme synthesis as the obvious consequence of the RNA synthesis 
preceding i t . 
It is e.g. unimaginable t h a t the mentioned internal factors synthetize in the very mo-
ment of cut t ing a potato tuber , apple, kohlrabi, raddish or other p lan t parts of f i rm texture. 
Consequently, the almost instantaneous initial increase of respiration can be regarded as a 
primary traumatogenic respiration, as it is total ly different both in its quality and inner con-
ditions f rom the process tha t takes place much la ter . I t was, in fac t , only suspected or observed 
in a qualitative way that the cells reacted with an immediate increase of 0 2 uptake to injuries. 
This had to be thought of, if only because of the observed brown oxidation of the polyphenols; 
Boswell and Whiting even a t t empted measuring in 1938 (Annal. Bo t .N. S. 2,847), b u t measur-
ing in 20 minute intervals could not, naturally, give information on what happened a few 
seconds af ter the injury. 
As to our approach, instead of starting f r o m the terminal oxidation we measured the 
C02 discharge of the injured surfaces, and tha t wi th in a few seconds. This could be mos t easily 
attained by measuring the t ime in which a 1 cm2 area of the injured surface discharged a known 
quantity — e.g. 50 microgram -— of carbon dioxide. Such a small quanti ty of carbon dioxide 
is produced in a few seconds. We measured the speed of motion the pointer of the ins t rument ' s 
microammeter showed between two suitably chosen scale values. T h e same surface was meas-
ured on f i f teen successive occasions. In the case of young potato tubers the following times 
were obtained: 11, 31, 40, 45, 45, 62, 54, 40, 56, 39, 65, 47, 57, 55, 65 seconds. 
A 24 second preparation time must be t aken into account before each measuring. It 
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m u s t be declared emphatically that t he great fluctuation of the numbers is not by any means 
t he standard deviation of the error as proved by the fac t t h a t when measuring the respiration 
of intact tissues we obtained a f luc tuat ion lower by orders of magnitude. 
The above series of numbers shows the extraordinary speed of CO., discharge in 
essentials of decarboxylation — immediately after the cut t ing . It seems as if a repression has 
ceased. The second measuring gives evidence of an almost three times lower respiration ra te . 
Then , with a higher or lower f luctuation, between 39 and 65 seconds, the discharge of the same 
a m o u n t of carbon dioxide continues. T h a t is, the initial r a t e of respiration shows a decreasing 
tendency, then wi thin 2 hours comes close to the respirat ion of an in tact tuber through the 
same surface area of the undeveloped epidermis (75 seconds). After several hours the secondary 
traumatogenic respirat ion characteristic of the process of regeneration, well-known from the 
l i terature, begins. 
We showed t h e course of p r imary traumatogenic respiration intentionally in a single 
t u b e r instead of giving the average resu l t of several parallel experiments. Namely, the equal-
iza t ion of the individual fluctuations might suggest t h a t af ter the sudden initial increase t h e 
abnormal t raumatogenic respiration t akes an undisturbed course of decrease, although the 
processes taking place in the plant t issue, or at least on the surface of the wound, can wi th 
a slight exaggeration be called d ramat ic . 
The initial phase of the t raumatogenic respiration — while showing different values -
h a d perfectly the same course in the storing organs of all plants examined so far. It may be 
mentioned, however, t ha t the respiration is more intensive in parts closer to the epidermis and 
r ich in plasm t h a n in cells with larger vacuoles farther in. This, otherwise no t unexpected ob-
servation agrees wi th the investigation results of K A H L et al. ( 1 9 7 0 ) . I t is hardly disputable 
t h a t the almost sevenfold instantaneous increase of t he intensity of respiration compared to 
t h a t of intact tissues can be traced back to the effect of cut t ing which destroys the established 
inner structure in a cell layer. I t r emains to be examined, however, how fa r the partial change 
of pressure occurring as a result of cu t t i ng contributes to the unusually rap id release of carbon 
dioxide. The possibility of the so-called disconnection canno t naturally be lef t out of consider-
a t ion either. 
Although the preliminary repor t cannot explain every phenomenon, i t can be supposed 
t h a t at the end of t he exceedingly intensive initial phase of the traumatogenic respiration t he 
respiration of in tac t layers so far repressed by the carbon dioxide released f rom the destroyed 
structures will prevail . The rapidly dy ing cells then play no further role, so a somewhat more 
uniform respiration can be observed unt i l the outset of the secondary processes. 
By means of an instrument of special construction we measured the so far unknown 
initial phase of traumatogenic respirat ion in plant p a r t s (tubers, fruits) cu t open. The f i rs t 
seconds are characterized by a considerable release of carbon dioxide suggesting the termina-
t ion of a repression and — perhaps — a phenomenon of disconnection, beside the breaking u p 
of compartmentization. 
The phenomenon can be regarded as the pr imary phase of t raumatogenic respiration 
which shows a decreasing tendency wi th high f luctuat ions. 
The new increase of respiration some hours la ter — which has been treated at length 
in the literature — is considered to be the secondary phase of the traumatogenic respiration. 
* 
Prepared a t t he Department of Plant Physiology, Eötvös Loránd University, Budapest . 
V . F R E N Y Ó 
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N E W HOST P L A N T S OF T H R E E ISOMETRIC P L A N T V I R U S E S 
Within the research programme of t he virus-host re la t ionship we made investigations 
into fu r the r host p lan ts of the radish mosaic virus (R/ * : * / * : S/S : S/CI, M A M U L A et al. 
1 9 7 2 ) and turnip yellow mosaic virus (R / l : 1 . 9 / 3 4 : S/S : S/Cl, H O R V Á T H et al. 1 9 7 3 , J U R E T I C 
et al. 1973) recently isolated in Hungary. We extended our exper iments to include a strain of 
tobacco ring spot virus of American origin ( R / l : 1 . 8 / 4 2 : S/S : S/Ne) kindly placed a t our dis-
posal by Dr. J . W. D E M S K I (Georgia E x p e r i m e n t Station, Exper iment , Georgia, U. S. A.). 
In the course of our experiments we examined the following virus-host re la t ions: radish 
mosaic virus — Brassica carinata A. Br., Cucumis myriocarpus Naud. , Gomphrena decumbens 
Jacq . , Solanum rostratum Dun. , Telragonia crystallina L 'Hér i t ; t u rn ip yellow mosaic virus — 
Brassica carinata*, Cucumis myriocarpus, Gomphrena decumbens, Solanum rostratum, Tetra-
gonia crystallina, Tinantia erecta (Jacq.) Schlechtend.; tobacco ring spot virus — Cucumis 
myriocarpus, Gomphrena decumbens, Phaseolus acontifolius J acq . , Phaseolus mungo L. (results 
concerning these two l a t t e r species were a l ready published by C H E O — Z A U M E Y E R ( 1 9 5 2 ) ,  
Tinantia erecta and Tetragonia crystallina. 
Our findings concerning the virus susceptibili ty of p lan t s included in t he experiments 
— except the two Phaseolus species — can be regarded as qui te new in the l i t e ra ture on plant 
virology. 
In the experiments we employed art if icial inoculation m e t h o d s with the carborundum-
spatu la technique known in the practice of p l a n t virology. The radish mosaic v i rus and turnip 
yellow mosaic virus were propagated in Brassica rapa L. var . rapa plants; the inoculum re-
quired for the infection was provided by the tissue fluid of these plants . Virus infect ion both 
in the inoculated and newly formed (non-inoculated or subsequent ly developed) leaves of the 
examined plants was established by virus re-isolation tests. In t h e case of the above two viruses 
Brassica rapa var. rapa p l an t s were used for this purpose. T h e tobacco ring spo t virus was 
propagated in Nicotiana tabacum L. cv. Xanthi-nc, a systemic hos t plant, and its t issue sap 
served as inoculum conta in ing virus. The re-isolation of the tobacco ring spot v i rus f rom the 
p lants to be examined was carried out with Phaseolus vulgaris L. cv. Red Kidney p lan t s . 
In the course of s tudy ing the responses of Brassica carinata inoculated wi th radish mo-
saic v i rus and turnip yellow mosaic virus we found tha t this p l an t was locally and systemically 
susceptible to infection by bo th viruses. Leaves of plants inocula ted with radish mosaic virus 
showed mild symptoms of vein clearing, while on the leaves fo rmed af ter the infect ion systemic 
* We carried out investigations on the susceptibility of Brassica carinata to turnip 
yellow mosaic virus because the notable handbooks (e.g. K L I N K O W S K I 1 9 6 8 , S C H M E L Z E R — 
W O L F 1 9 7 1 , S M I T H 1 9 7 2 ) only mention it as an experimental hos t plant ; no reference can he 
found to symptoms caused by turnip yellow mosaic virus. 
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Fig. 1 Inoculated leaf of Tetragonia crystallina L 'Hérit infected with radish mosaic virus (A) 
Sys t emic symptoms induced by radish mosaic virus in Brassica carinata A. Br. (B and C) 
S y s t e m i c leaf symptoms of Brassica carinata A. Br. caused by turnip yellow mosaic virus (D; 
ve in clearing, crispness, blistering, then scat tered tiny, b lack , necrotic spots appeared. In some 
cases a slight vein necrosis was also observed . The inoculated plants showed an intensive growth 
inh ib i t ion (Figs IB and C). On the inocula ted leaves of p l an t s infected with t u r n i p yellow mosaic 
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Fig. 2 S y m p t o m s caused by tobacco ring spot v i rus in Phaseolus acontifolius Jacq. (A a n d B) 
and Phaseolus mungo L. (C and D) plants. A and С are local, while В and D systemic s y m p t o m s 
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v i rus vein clearing, and in many cases large chlorotic spots appeared. On the non-inoculated 
leaves typical ochre mosaic spots developed, which a re characteristic symptoms of the t u r n i p 
yellow mosaic v i r u s on its main hos t plant , the t u r n i p . 
On the inocula ted leaves of Tetragonia crystallina infected w i t h radish mosaic v i rus 
large chlorotic spo t s appeared (Fig. 1 A). Systemic s y m p t o m s of the virus could not be demons t ra t -
ed. The virus re- isolat ion tests also pointed out a local host-virus re la t ion between the Tetra-
gonia crystallina a n d the radish mosa ic virus. The Tetragonia crystallina proved to be res i s tan t 
to the turnip ye l low mosaic virus. Similar resistance was shown by the Cucumis myriocarpus, 
Gomphrena decumbens, Solanum rostratum and Tinantia erecta. The f i r s t three plants were 
found to be r e s i s t an t to the radish mosaic virus as well. 
In the course of experiments performed with tobacco ring spot v i rus the infected Phaseo-
lus acontifolius a n d Phaseolus mungo p lan ts were f o u n d to be susceptible to virus infection b o t h 
locally and systemical ly . According to earlier exper iments by C H E O — Z A U M E Y E R (1952) t h e 
above two p lan ts proved also locally and systemically susceptible to infect ion by the tobacco 
В 
fig. 3 Local s y m p t o m s caused by tobacco ring spo t virus in leaves of Tinatia erecta J a c q . 
(A) and Gomphrena decumbens ( J acq . ) Schlechtend. (В) plants 
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l ing spot virus. In our experiments on the inoculated leaves of the above two Phaseolus species 
large, necrotic, mostly concentric rings developed (Figs 2A and C). On the non-inoculated 
leaves severe chlorotic, then necrotic lesions appeared followed by a systemic total apical ne-
crosis (Figs 2B and D). A similar local and systemic disease was induced by the tobacco ring 
spot virus in Tinantia erecta. The symptoms developed in this plant were, however, essentially 
milder (Fig. ЗА), consisting of tiny grey concentric lesions. Apical necrosis causing total de-
struction could not be found in any of the cases. Cucumis myriocarpus, Gomphrena decumbens 
plants inoculated with tobacco ring spot virus did not develop even local symptoms either. 
On the inoculated leaves of Cucumis myriocarpus chlorotic rings appeared 8—10 days after 
the infection; the virus did not become systemic in the infected plant. On the inoculated leaves 
of Gomphrena decumbens chlorotic, then rust-coloured necrotic lesions developed (Fig. 3B). 
On non-inoculated leaves no symptom appeared; in spite of this the virus could be re-isolated 
from the newly developed leaves. Solanum roslratum showed a latent local and latent systemic 
susceptibility to infection by tobacco ring spot virus. The Telragonia crystallina reacted by 
chlorotic spots, a spottedness extending to the axillary shoots too, as well as leaf deformation 
and leaf necrosis, as systemic symptoms to infection by the tobacco ring spot virus. 
In the course of our experiments we found two further host plants (Brassica carinata, 
Tetragonia crystallina) to radish mosaic virus. Brassica carinata can be regarded as a new virus 
host plant to turnip yel low mosaic virus, too. Among the new host plants of tobacco ring spot 
virus (Cucumis myriocarpus, Gomphrena decumbens, Solanum roslratum, Tetragonia crystallina, 
Tinantia erecta) special attention should be paid to Tinantia erecta (Commelinaceae), which 
in our earlier investigations proved to be susceptible not only to alfalfa mosaic virus (R/l : 
: 1 . 3 / 1 8 : U/U : S/Ap) but also to tobacco mosaic virus ( R / l : 2 / 5 : E/E : S; HORVÁTH 1 9 7 0 ,  
unpublished). We mention here that Tinantia erecta gives local and systemic responses to in-
fection by alfalfa mosaic virus. Both on the inoculated and non-inoculated or subsequently 
developed leaves red-brown irregular necrotic spots appear which in most cases start from the 
main rib. Red-brown necroses can be found on the internodes, too. Tinantia erecta has a symp-
tomless susceptibility to tobacco mosaic virus. According to our investigations made so far 
Tinantia erecta is resistant to potato aucuba mosaic virus ( # / * : * / # : E/E : S/Ap), potato 
virus X (R/ l : */6 : E / E : S/[Fu]), potato virus Y ( * / * : * / * : E/E : S/Ap) and turnip 
yellow mosaic virus. According to our experiments Tetragonia crystallina can be used as a screen-
ing plant for the differentiation of radish mosaic virus and turnip yellow mosaic virus. 
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LEAF A R E A AND ITS COMPONENTS IN SPRING BARLEYS 
It is known that the most important physiological processes, e.g. respiration, photo 
synthesis and the regulation of the water regime, which play a decisive role in the life of the 
plant and the amount of its yield take place in the leaves. Soil, water and plant form a dynamic 
sys tem (IDSO 1968) The total dry matter yield including the grain and straw yield as well as the 
root remains is determined by the size of the assimilating surface and by the photosynthetic 
act iv i ty (VAVILOV—KABÜS 1970). Both features are characteristic of the variety but their 
e x t e n t depends on the ecological conditions. 
The importance of the leaf area had already been recognized earlier, and various methods 
were described for its determination POLLHAMER 1967, R O W L E Y — R A S M U S S O N 1969, etc.). 
The photosynthetic intensity was studied mainly with the so - called Warburg technique by 
L O W E S — T R E H A R N E ( 1 9 7 1 ) . B E R D A H L - R A S M U S S O N — M O E S ( 1 9 7 2 ) , D A N I L C H U K — J A T Z E N K O 
(1972) and F E L I P P E — D A H L E (1972). It was proved that the bulk of the material contained 
in the grain was incorporated between earing and maturing ( B I R E C K E et al. 1967, W A L P O L E — 
M O R G A N 1971). Further, a temporary shading — particularly of the uppermost leaf at the time 
of earing was found to reduce considerably the photosynthetic activity and the dry matter 
production ( W I L L E Y - HOLLIDAY 1971, D A L E — F E L I P P E 1972, D A L E — F E L I P P E — F L E T C H E R 1972). 
After this many researchers began to measure the area of the uppermost leaf and study its role 
in the photosynthesis ( T H O H N E 1961, 1965, L A W E S — T R E H A R N E 1971, T O V M A S Y A N 1971, and 
others). SIMPSON (1968) found a close positive (r = +0 .96) correlation between the two charac-
ters. A P E L — L E H M A N N (1970), on the other hand, only pointed out a low (r = -+0.36) positive 
correlation. Others found no correlation at all. Subsequent experiments revealed that the de-
velopment of a leaf area characteristic of the variety depended on many factors (LUEBS— 
L A N N G 1 9 6 9 , K I R B Y 1 9 7 0 , LAZAROV 1 9 7 1 , MELVILLE L A N H A M 1 9 7 2 ) . R O W L E Y — R A S M U S S O N 
(1969) published data concerning the hereditary nature of the leaf area. 
In spite of a relative abundance of new results few data are available on the importance 
of the leaf properties in breeding (NÁTR 1972), and on the possibilities of selection. It has not 
been clarified either what the optimum leaf area and leaf type under Hungarian conditions are. 
At Martonvásár the year 1973 was unusual for the spring barley. Our treatments were 
sown in well prepared beds until 16—19 March. Germination was satisfactory in spite of the 
fact that the amount of precipitation was only 4.2 mm in March. Barley lived on the 60 mm 
rain fallen in April almost until harvesting. Namely, in May the amount of rainfall was only 
0.7 mm, and on the first ten days the average daily air temperature exceeded 20 °C. Some late 
varieties could make use of the June rainfalls, but the early varieties could not. In spite of all 
this the average grain yield of the spring barley varieties checked on 18th July was 50.01 q/ha. 
-Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
V A R I A 3 9 3 
Table 1 
Leaf-width of 34 spring barley varieties at the time of earing, cm 
Martonvásár, 11 June 1973 
cm width of t h e Varia-
tion 
Varie ty 1st 2nd 3rd 4 th 5th 6 t h 7th 8 th Mean coeffi-
leaf from the top d o w n w a r d 
eten 
Mv 31 0.8 1.2 1.3 l . i 0.7 0.5 0.4 0.3 0.7 142.8 
MK 42 0.6 1.2 1.2 0.8 0.6 0.4. 0.4 0.3 0.6 150.0 
MKH 23 0.6 1.1 1.1 0.9 0.7 0.5 0.4 0.3 0.7 114.2 
Certa 0.6 1.1 1.1 1.3 0.7 0.4 0.3 0.2 0.7 157.1 
Maris Mink 0.4 1.3 1.1 1.1 0.8 0.6 0.4 0.3 0.7 142.8 
MKS 99 0.6 1.1 1.1 0.9 0.6 0.4 0.3 0.2 0.6 150.0 
MKS 43 0.6 0.7 1.2 0.8 0.6 0.5 0.5 0.3 0.6 150.0 
Willa 0.6 1.2 1.2 0.7 0.5 0.4 0.4 0.4 0.6 133.3 
Maris Concord 0.5 0.9 1.0 0.8 0.5 0.4 0.3 0.3 0.6 116.6 
MKS 50 0.5 0.9 1.0 0.8 0.6 0.5 0.4 0.4 0.6 100.0 
MK 305 0.5 1.0 1.1 0.9 0.6 0.4 0.4 0.4 0.6 116.6 
MKS 34 0.5 0.9 1.0 0.8 0.5 0.4 0.5 0.6 0.6 100.0 
MKS 45 0.6 1.1 1.1 0.7 0.5 0.4 0.4 0.3 0.6 133.3 
Inis 0.4 0.8 1.0 0.8 0.6 0.4 0.3 0.3 0.5 140.0 
Midas 0.5 1.0 1.0 0.9 0.8 0.6 0.4 0.4 0.7 85.7 
FD-054-30-3 0.5 0.9 1.0 0.7 0.5 0.4 0.3 0.3 0.5 140.0 
MKH 81 0.3 0.9 1.1 0.6 0.6 0.4 0.3 0.2 0.5 180.0 
Rika II. 0.5 1.0 1.0 0.6 0.5 0.3 0.2 0.2 0.5 140.0 
MK 293 0.5 1.2 0.6 0.8 0.5 0.4 0.3 0.2 0.5 200.0 
MK 311 0.5 0.8 0.9 0.7 0.5 0.4 0.3 0.3 0.5 120.0 
MKS 29 0.6 1.0 1.0 0.5 0.5 0.5 0.4 0.2 0.5 160.0 
MKS 59 0.6 1.0 1.0 0.6 0.5 0.4 0.4 0.3 0.6 116.6 
Mk 307 0.6 1.0 0.9 0.6 0.5 0.4 0.3 0.3 0.5 140.0 
Felda 0.5 1.0 0.9 0.8 0.5 0.4 0.4 0.2 0.5 160.0 
Drossel 0.5 1,0 1.0 0.6 0.4 0.4 0.3 0.3 0.6 116.6 
MKS 22 0.4 0.8 1.0 0.7 0.7 0.4 0.4 0.4 0.6 100.0 
Carina 0.5 0.9 1.0 0.8 0.5 0.5 0.4 0.3 0.6 116.6 
Imber 0.5 0.7 0.9 0.7 0.5 0.5 0.3 0.3 0.5 120.0 
Carmen 0.5 1.0 0.8 0.6 0.5 0.4 0.3 0.2 0.5 160.0 
MKS 26 0.3 0.6 0.8 0.8 0.5 0.4 0.4 0.3 0.5 100.0 
Tern 0.4 1.0 0.9 0.6 0.4 0.4 0.3 0.3 0.5 120.0 
Mona 0.6 1.0 0.9 0.6 0.4 0.4 0.3 — 0.6 116.6 
W. Wing 0.5 0.7 0.8 0.6 0.3 0.3 0.3 0.3 0.4 125.5 
Amkar T 444 0.5 0.9 0.9 0.6 0.3 0.3 0.3 0.2 0.5 140.0 
Mean 0.5 0.9 0.9 0.7 0.5 0.4 0.3 0.2 0.5 
Var. coeff. 100.0 77.7 77.7 114.2 100.0 75.0 100.0 200.0 105.5 132.5 
Average of 23 
autumn 1.0 1.4 1.4 1.1 0.8 0.5 0.4 — 0.94 
barleys 
Var. coeff. % 50.0 28.0 42.8 63.6 75.0 80.0 75.0 
— 
44.4 112.4 
For the purpose of investigations 34 spring barley varieties were chosen. With the earlier 
published method (POLLHAMEH 1967) the width and length of the first eight leaves downward 
from the top were measured on 25 plants per variety. On the basis of the obtained data the 
individual and average leaf area of each variety and leaf level, and the total leaf area per stalk 
for each variety were calculated. At the same time we calculated and expressed as the average 
percentage of the varieties the variation coefficients of the average leaf width and length, as 
10* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
• 3 9 4 V A R I A 
Table 2 
Leaf-lengths of 34 spring barley varieties at the time of earing, cm 
Martonvásár, 11 June 1973 
Length of the 
tion 
Variety 1st 2nd 3rd 4 th 5th 6 th 7th 8 th Mean coeffi-
leaf f rom the top downward , cm % 
MK 301 8.3 16.6 22.6 28.7 25.4 18.9 14.7 13.3 18.5 110.2 
MK 42 8.9 17.3 22.9 28.3 27.3 19.9 14.5 12.9 19.0 102.1 
M K H 23 7.5 17.3 25.9 25.1 24.1 18.8 14.8 11.1 18.0 97.7 
Certa 8.6 16.4 21.6 27.7 25.2 17.5 12.8 12.1 17.7 107.9 
Maris Mink 6.3 14.1 18.2 22.8 25.1 23.5 14.8 12.9 17.2 109.3 
MKS 99 7.6 16.4 21.7 26.5 25.6 19.9 15.4 12.6 18.2 103.8 
MKS 43 7.8 13.7 17.2 26.3 27.5 22.2 15.4 10.7 17.6 111.9 
Willa 7.8 17.2 22.8 25.5 22.8 16.0 12.2 8.7 16.6 106.6 
Maris Concord 7.7 16.5 21.4 27.7 28.2 19.8 15.7 13.8 18.8 109.0 
MKS 50 7.9 15.5 22.1 24.5 23.1 18.5 13.8 9.7 16.8 98.8 
MK 305 8.6 16.4 21.2 22.5 21.2 15.8 14.5 8.9 16.1 86.3 
MKS 34 7.3 15.0 20.2 24.4 23.1 18.4 14.5 12.5 16.9 101.1 
MKS 45 8.5 16.5 22.9 24.1 18.7 16.6 11.4 10.0 16.0 97.5 
Inis 7.3 15.3 19.2 26.3 26.3 19.5 13.8 12.3 17.5 108.5 
Midas 6.1 11.3 14.4 18.8 20.7 18.5 12.9 11.1 14.2 102.8 
FD-054-30-3 7.9 15.5 20.7 25.5 23.9 16.9 15.0 12.3 17.2 102.3 
MKH 81 6.2 13.9 20.6 26.0 25.9 17.9 16.3 13.9 17.5 113.1 
Rika II. 6.9 15.1 18.6 25.9 29.7 21.4 14.9 12.3 18.1 125.9 
MK 293 6.7 14.0 19.7 24.8 25.3 19.2 25.9 13.8 17.4 106.8 
MK 311 8.8 18.3 24.1 24.4 19.9 15.4 14.8 11.8 17.1 91.2 
MKS 29 8.7 15.8 21.6 26.2 19.7 14.1 11.9 9.4 15.5 112.9 
MKS 59 6.4 16.0 19.8 24.4 22.8 16.0 11.7 9.9 15.8 113.9 
MKS 307 10.3 18.1 23.1 22.9 18.8 14.5 11.6 10.9 16.2 79.0 
Felda 8.6 18.3 21.8 26.3 23.9 17.2 15.9 12.0 18.0 98.3 
Drossel 7.9 16.3 21.6 22.6 19.1 14.4 10.8 10.0 15.3 96.0 
MKS 22 6.2 13.5 18.4 22.9 22.2 16.5 13.3 10.8 15.4 108.4 
Carina 6.0 13.5 18.6 21.2 20.6 16.8 13.1 10.5 15.0 101.3 
Imber 6.3 13.5 18.9 24.4 23.0 17.4 11.8 11.3 15.8 114.5 
Carmen 8.6 15.5 20.8 21.8 19.7 15.5 11.6 9.2 15.3 86.2 
MKS 26 4.5 11.5 16.9 22.0 24.0 20.6 13.8 11.5 15.6 125.0 
Tern 6.4 13.8 19.1 23.4 20.6 16.2 12.5 9.8 15.2 111.8 
Mona 10.3 18.3 20.3 18.2 14.7 12.7 8.8 — 14.7 78.2 
W. Wing 6.8 13.5 18.9 22.3 20.0 17.6 13.3 12.8 15.6 99.3 
Amkar T 444 6.7 14.0 18.7 23.7 19.6 13.6 11.0 10.2 14.6 116.4 
Average cm 7.5 15.4 20.4 24.3 22.8 17.5 13.4 11.0 16.5 
Var. coeff. % 77.3 45.4 56.3 43.2 65.7 61.7 55.9 45.4 56.3 103.9 
Average of 23 
autumn barleys, 
cm 12.2 21.1 22.2 21.4 17.7 13.9 11.8 — 17.2 — 
Var. coeff. % 45.9 35.5 28.2 29.9 46.3 44.6 80.5 
— 
44.5 60.4 
well as of the total leaf area per stalk relative to the varieties and to the individual leaves of 
the same leaf horizon. 
After earing (4th June), then one and two weeks later (11th and 18th June) the above 
characters were measured and the values calculated on 25 plants of each of nine spring barley 
varieties. The weekly data of the per plant leaf areas of the varieties were plotted for compar-
ison. The total and the active leaf area per plant were determined separately. 
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Table 3 
Leaf area per leaf and per plant of 34 spring barley varieties at the time of earing, cm2 
Martonvásár, 11 June 1973 
V a r i e t y 




1st 2nd 3rd 4 t h 5 th 6th 7 t h 8th 
T o t a l Mean 
MK 301 3.4 10.5 14.9 16.5 9.6 4.7 2.9 2.1 64.8 8.1 177.7 
MK 42 2.9 10.7 17.0 12.1 9.6 4.8 2.9 2.4 62.1 7.7 189.6 
MKH 23 2.3 9.9 15.0 12.4 9.1 5.4 3.4 2.0 59.9 7.4 175.6 
Certa 2.9 9.1 11.9 18.3 9.1 4.0 1.9 1.2 58.5 7.3 234.2 
Maris Mink 1.3 9.5 10.5 12.7 10.1 7.7 3.2 2.0 57.4 7.1 160.5 
MKS 99 2.4 9.4 12.2 12.4 7.9 3.2 2.6 1.4 51.9 6.4 171.8 
MKS 43 2.4 5.3 10.7 11.4 8.8 6.3 3.9 1.8 50.9 6.3 152.3 
Willa 2.4 10.5 13.7 9.2 6.3 3.6 2.6 2.0 50.6 6.3 185.7 
Maris Concord 1.9 7.5 11.2 11.9 7.7 4.3 3.0 2.3 50.2 6.2 150.0 
MKS 50 2.0 7.6 11.7 10.9 7.1 4.9 2.9 2.0 49.4 6.1 159.0 
Mk 305 2.4 8.2 11.7 10.3 7.2 3.8 2.9 1.7 48.5 6.0 166.6 
MKS 34 1.9 7.3 10.9 10.0 6.3 4.4 3.6 3.7 48.4 6.0 150.0 
MKS 45 2.8 9.6 13.3 9.4 4.8 3.8 2.4 1.8 48.1 6.0 191.6 
Inis 1.6 6.8 9.6 10.6 8.1 6.0 2.5 1.9 47.4 5.9 152.5 
Midas 1.7 5.7 7.8 9.1 8.6 5.6 2.9 2.5 44.3 5.5 134.5 
FD-054-30-3 2.2 7.4 10.3 8.9 6.1 4.0 2.8 2.1 44.1 5.5 149.0 
MKH 81 1.2 6.8 11.7 8.0 7.7 3.5 2.5 1.7 43.5 5.4 194.4 
Rika II 1.7 7.6 10.0 8.5 7.8 3.7 2.0 1.4 43.1 5.3 162.2 
MK 293 1.8 9.0 6.1 10.5 6.8 3.9 3.2 1.5 43.1 5.3 160.3 
MK 311 2.4 8.0 11.1 8.5 5.0 3.0 2.5 2.0 43.0 5.3 171.6 
MKS 29 2.9 8.3 11.7 6.8 5.0 3.6 2.6 2.1 42.9 5.3 181.1 
MKS 59 2.0 8.6 10.4 7.8 5.8 3.8 2.3 1.7 42.7 5.3 164.1 
MK 307 3.1 9.1 10.6 7.9 4.7 3.2 2.0 1.8 42.7 5.3 166.0 
Sv Felda 2.4 9.3 10.7 10.5 6.7 3.7 3.3 1.0 41.9 5.2 186.5 
Drossel 2.2 8.5 11.5 7.5 4.6 3.2 1.8 1.5 41.1 5.1 196.0 
MKS 22 1.3 5.6 9.4 8.7 6.5 3.8 2.9 2.1 40.5 5.0 162.0 
Carina 1.6 6.5 9.4 8.8 5.1 4.2 2.6 1.8 40.4 5.0 176.0 
Imber 1.6 5.3 8.5 9.1 6.5 4.4 2.3 2.2 40.1 5.0 150.0 
Carmen 2.1 7.8 9.1 6.8 5.1 3.4 2.2 1.1 38.0 4.7 170.2 
MKS 26 0.7 3.8 7.3 9.3 6.6 4.7 2.7 2.0 37.3 4.6 186.9 
Tern 1.5 6.9 9.3 7.2 4.3 3.4 2.0 1.4 36.3 4.5 175.5 
Mona 3.5 9.1 9.6 5.5 3.4 2.6 1.3 — 35.3 5.0 166.6 
W. Wing 1.7 4.8 8.4 7.4 3.7 3.2 2.4 2.1 34.0 4.2 159.5 
Amkar T 444 1.7 6.3 9.0 7.1 3.7 2.5 1.6 1.4 33.6 4.2 180.9 
Average 2.2 8.1 11.1 10.0 6.8 4.2 2.7 1.9 45.7 5.7 
Var. coeff. % 122.7 85.1 98.1 128.0 98.5 123.8 96.2 136.8 111.1 165.8 
Average of 
autumn 
barley 6.6 15.7 16.1 12.9 7.7 3.7 2.6 — — 9.4 





The relationship between the leaf area, the area of the uppermost leaf and the grain, 
straw and total yield was established by correlation calculations on the basis of the data of 
the per plant total leaf area of the varieties and of their yields attained in the experiments. 
The examined 34 spring barley varieties developed an average of 8 leaves this year. 
Only the variety Mona" had 7 leaves. The average width of the leaves was 0.50 cm. The 
second and third leaves from the top were found to be the broadest ones. Upward and down-
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ward from them the leaves gradually became narrower. The narrowest leaves were found at 
the base of the plant (Table 1). The differences between the varieties were negligible. The 
varieties MK 301, MKH 23, Certa, Maris Mink and Midas were found to be broad-leaved, while 
W. Wing was a narrow-leaved variety. The variation coefficients of leaf width for the varieties 
were higher than those for the leaf horizons. This year the average width of the uppermost 
leaf agreed with the average leaf width of the varieties, and thus seems suitable for characteriz-
ing it (Table 1). 
The average length of leaves in the spring barleys is hardly shorter than that of the 
autumn varieties. Unlike the autumn barley, the fourth leaf from the top proved to be the 









Д measuring on Ath June 
^ measuring on 11th June 
^ measuring on 18th June 
H variety 
Fig. 1. Total leaf area per plant (cm2) at the time of earing, and in weekly inteivals after 
Martonvásár, 11 June 1973 
and fifth leaves of the spring barleys were longer than the leaves of the autumn barleys at the 
same horizon. The uppermost leaf, on the other hand, was the shortest of all, and it did not 
even attain half of the length of the upper leaf in the autumn barleys. Therefore, the length ol 
the uppermost leaf in the spring barleys gives no information on the average leaf length per 
plant. Differences in leaf length between the varieties are rather considerable. With their more 
than 18 cm average leaf length MK 301, MK 42, MKH 23, MKS 99, Maris Concord, Rika II 
and Felda belong to the long-leaved varieties. The varieties Midas, Amkar T 444, Mona. Tern, 
Carmen, Carina and Drossel, on the other hand, are considered short-leaved varieties, owing 
to their average leaf length of 15 cm. The variation coefficients of the leaf lengths of the varie-
ties are nearly twice as high as those determined for the leaf horizons. The variation coefficients 
of leaf length both per variety and horizon are substantially higher in the spring barleys than 
in the autumn barleys. 
The leaf area of the spring barley varieties was calculated from the leaf-width and loaf-
length data of the varieties and leaf horizons ( P O L L H A M M E R 1 9 6 7 ) . The per plant and individual 
leaf areas of the spring barley varieties were considerably smaller than the corresponding 
measurements of the autumn barleys (Table 3). The variation coefficient of the varieties was 
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about one and a half times as high as that determined for the leaf horizons. The differences 
between the varieties were higher than those between the horizons. With their more than fifty 
square centimetre per plant leaf area the varieties MK 301, MK 42, MKH 23, Certa, Maris 
Mink and MKS 99 were considered large-surfaced varieties, while Carmen, MKS 26, Tern, 
Mona, W. Wing and Amkar T 444 proved to be small-surfaced varieties due to their less than 
40 cm2 leaf area per plant. 
The third leaf from the top was of the largest area in the case of the spring barleys, too. 
Upward and downward from it the average leaf area gradually decreased. The lower- and upper-
most leaves had the smallest average leaf area of all. The average area of the uppermost leaf 
does not give information on the average total leaf area of the variety. This conclusion is sup-
ported by the variation coefficients of leaf area per plant and per horizon, which in the case 
of the spring barleys are essentially larger than the corresponding values of the autumn barleys 
Fig. 2. Total leaf area per plant at the time of earing (cm2), and active leaf area per plant at 
the time of earing and in weekly intervals after (cm2). Martonvásár, 11 June 1973 
The total per plant leaf area of the spring barleys (Fig. 1) — unlike the autumn barleys 
— was the largest at the time of earing, and gradually decreased in the course of subsequent 
measurements. It was remarkable that in varieties with a large total per plant leaf area this 
decrease was of a much greater extent than in those with a small leaf area. We were glad to 
find that the total per plant leaf area of the varieties MKH 81, MK 293 and MK 307 showed 
but a slight change. These varieties were fairly tolerant to infections by powdery mildew and 
earlier than usual drought. 
In the case of autumn barleys all leaves were green and active at the time of earing, 
which cannot be said about the spring barleys. Due to an infection by powdery mildew and a 
very severe early drought the leaves began to turn into yellow from the base, then more or 
less wilted. At the time of earing the 5th to 8th, a week later the 4th to 8th, and two weeks later 
the 3rd to 8th leaves from the top downward became partially or totally incapable of assimila-
tion. The area of the inactive lower leaves was subtracted from the total leaf area per plant 
to obtain the per plant active leaf areas of the varieties (Fig. 2). 
As a result of the highly unfavourable conditions the active leaf areas of the varieties 
were only about half of the total leaf area already at the time of earing. The active leaf area 
continued to decrease, and two weeks later was only one-fifth of the leaf area found at the time 
of earing. The depressive action must have then been close to the critical value, because the 
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per plant active leaf area of the varieties was reduced to nearly the same minimum value. As a 
very great advantage of the variety MK 293 its per plant active leaf area showed the lowest 
ex tent of decrease. 
On the basis of the total per plant leaf area and the leaf area of the uppermost leaf in 
the examined 34 varieties, as well as of the values of grain, straw and total yield attained in 
the experiments the relationship between these characters was established with correlation 
Table 4 
Correlations between the total per plant leaf area, the area of the flag-leaf and the 
grain, straw and total yield 
Martonvásár, 1973 





Total leaf area per plant, cm2 r = +0.05 r = +0 .19 r = +0.46 
Area of the flag-leaf, cm2 r = —0.06 r = —0.08 r = +0.13 
calculation. It was only between the total leaf area per plant and the total yield per unit area 
t h a t some positive correlation (r = + 0 . 4 6 ) was found (Table 4). Between the other characters 
no correlation could be pointed out at all. We think, accordingly, that the area of the upper-
m o s t leaf is not sufficient to properly characterize the leaf area of a variety; we have to de-
termine the total leaf area per plant. On the basis of the total per plant leaf area and the crop 
results, on the other hand, relatively small-surfaced, high productivity, drought tolerant va-
rieties and strains can be selected. 
* 
Prepared at the Agricultural Research Institute of the Hungarian Academy of Sciences, 
Martonvásár. 
E . POLLHAMER 
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N U M B E R OF REPLICATIONS A N D RELIABILITY OF THE E X P E R I M E N T IN . 
WINTER WHEAT TRIALS 
In the breeding work one of the aims of field experimentation is to study the the pro-
ductivity of the different strains. The reliability of the experiment can be essentially influenced 
by two factors: the plot size (BALLA—SZUNICS 1973) and the number of replications. By in-
creasing the number of replications we can reduce the possibility of error. According to SVÁB 
(1973) the larger the number of replications the more correctly the differences of treatments 
and the error of the experiment can be assessed. The above author recommends 4—6 replica-
tions for field experiments. 
In general the reliability of the experiment is improved to a greater extent by the in-
crease of the number of replications than by that of the plot size (KUDRYAVTZEVA 1959, Mo-, 
LOSTOV 1 9 6 8 , DOSPEHOV 1 9 6 8 ) . 
According to D O S P E H O V (1968) the accuracy of the experiment considerably increases 
if the number of replications is raised to 6, but their further increase improves the reliability 
in a lesser degree. Similar results were obtained by B R I G G S — K N O W L E S (1967). S A L M O N — H A N -
SON (1970) do not recommend more than four replications. 
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Since the researchers have different views concerning the optimum number of replica-
tions, we considered a thorough study of this problem under Hungarian conditions to be nec-
essary, taking first of all the efficiency of the breeding work into consideration. 
The experiments were laid out at Martonvásár, at the Agricultural Research Institute 
of the Hungarian Academy of Sciences wi th 17 improved strains and a control variety (Be-
zostaya 1) in 1970 and 1971. The plot size was 15.6 m2, the number of replications 18. 
The soil was a medium sticky meadow loam, the forecrop a mixture of sunflower and 
pea. The amount of fertilizers applied was N 1 2 0 , P100, K s o kg/ha active agent. 
To determine the accuracy of the experiment the following parameters were used: least 
significant difference (L. S. D.%) for which the probability level of the statistical decision 
was accepted — according to the international practice — at P = 5%; variation coefficient 
Table 1 
Trends of L.S.D.5o/0, s x% and CV°/0 as a function of the number of replications 
(Martonvásár, 1970, 1971) 
Parameter Y e a r 
Number of repl ica t ions 
2 3 4 5 6 12 18 
1970 15.8 12.9 11.2 9.7 6.7 6.4 6.4 
L.S.D.5о/,, 
1971 8.5 6.8 5.2 4.1 4.4 3.5 4.0 
1970 6.5 6.8 6.6 6.9 5.5 7.1 8.3 
C V % 
1971 4.2 4.4 3.8 3.6 4.7 4.9 6.7 
1970 4.6 3.8 3.3 3.0 2.3 2.0 1.5 
s
x % 
1971 3.0 2.5 1.9 1.5 1.9 1.4 1.6 
(CV%), which generally can be accepted between 6 and 14 per cent (SVÁB 1973). If the value 
of the variation coefficient is below 10 per cent then the variation is low, between 10 and 20 
per cent it is medium, and above this high (DOSPEHOV 1968). The error of mean value (sx%). 
In field experiments an s x value of 1—2 per cent is excellent, 3—5 per cent is good, 5—7 per 
cent satisfactory (DOSPEHOV 1968). The closeness of the correlation and its significance was 
expressed by a correlation coefficient, while the regression correlation by the application of 
quadratic polynomial and hyperbola regression equations. 
The experiment was successful in bo th years, but in 1971 the examined parameters 
showed a higher accuracy (Table I), and the values of L. S. D . % , s3c% and CV % were — under 
the soil and climatic conditions of Martonvásár — similar to those in the previous years. 
On the basis of the data obtained it has been established that with the increase of the 
number of replications the yield fluctuation decreases and the reliability of the experiment 
increases (Table 2). The values of L. S. D. % and sx% are, in essentials, of a similar trend, 
while the CV% does not show a uniform pattern. This must be due to a higher influence of 
the heterogeneity of the soil on this parameter. The accuracy of the experiment can be improved 
by an increase in the number of replications. An experiment with six replications gives satis-
factory results in every year. In the case of favourable weather conditions a f i ve replication 
experiment is also acceptable. According to our experiences less than five replications do not 
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give satisfactory results. If the number of replications is reduced from six to three (a twofold 
reduction) the accuracy of the experiment decreases 1.5—1.9-fold, when it is reduced from 
six to two (a threefold reduction), then accuracy decreases 1.9—2.3-fold. 
A too high number of replications (12 or 18) hardly improves the accuracy of the ex-
periment. At the same time the area and the amount of seed required as well as the cost of 
the experiment substantially grow. 
The data of the experiments show a significant correlation between the number of rep-
lications and the reliability of the experiment (Table 3, Fig. 1). 
SD % y 
number of replications 
Fig. 1. Relationship between the number of replications and the least significant difference 
Martonvásár, 1 9 7 0 — 7 1 
From the data obtained we can thus draw the conclusion that in the case of plots of 
15.6 m- or similar size the optimum number of replications is six; with this all breeding re-
quirements can be satisfied. In the case of favourable ecological conditions five replications 
may be enough, if, however, we are to obtain precise results regularly, preference should be 
given to experiments with six replications. The application of more than six replications is 
neither necessary nor economical, and is only justified when the exposure is very high, frost 
damage, drought or pests can be reckoned with, and we know in advance that one or more 
replications will not be suitable for evaluation. 
On the basis of our investigations we have arrived at the same conclusion as K U D R Y A V -
TZEVA ( 1 9 5 9 ) , B R I G G S — K N O W L E S ( 1 9 6 7 ) , M O L O S T O V ( 1 9 6 8 ) a n d D O S P E H O V ( 1 9 6 8 ) . A t t h e 
same time the maximum of four replications suggested by S A L M O N — H A N S O N ( 1 9 7 0 ) is not 
sufficient under our conditions. 
* 
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Prepared at the Agricultural Research Institute of the Hungarian Academy of Sciences, 
Martonvásár 
L . B A L L A , L . S Z U N I C S 
Table 2 
Reliability of the experiment as a function of the number of replicatioons (%) 
Parameter Year 
N u m b e r of replications 
2 3 4 s 6 12 18 
1970 235.8 192.5 167.2 144.8 100.0 95.5 95.5 
L.s.D.5o/> 
1971 193.2 154.5 118.2 93.2 100.0 79.5 90.9 
1970 118.0 124.2 120.0 126.0 100.0 128.9 151.3 
c v % 
1971 89.5 92.6 81.0 76.8 100.0 102.3 140.7 
1970 199.6 167.1 144.7 131.1 100.0 85.9 66.2 
HX /0 
1971 157.4 132.4 102.1 81.9 100.0 74.5 83.5 
Table 3 
Correlation between the number of replications and the reliability of the experiment 
(in an experiment with 18 replications) 
Parameter Yea r r a bx bs Regression equation 
L.S.D. ^ 1970 0.982 4.67 23.16 Y' = a + 6 i 
1
 X 
1971 0.961 2.03 11.34 
c v % 1970 0.821 6.99 —0.19 0.01 У' = a + bfX. + b2X2 
1971 0.940 4.30 —0.09 0.01 
sx % 1970 0.982 1.37 6.84 Y' = a + 6 i 
1971 0.943 2.51 3.48 
Note : the correlation coefficients are significant at P = 0 . 1 % 
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EFFECT OF B-995 (N-DIMETHYLAMINO SUCCINAMIC ACID) ON GROWTH, FLOWER-
ING AND M I N E R A L ACCUMULATION OF TOBACCO PLANTS 
A group of growth retarding chemicals has been described (RIDDELL et al. 1962) which 
reduce plant height effectively if sprayed on the leaves ( B U K O V A C 1 9 6 4 , C A T H E Y 1 9 6 4 ) . One 
of these compounds, N-dimethylamino succinamic acid ( B - 9 9 5 ) has been reported to modify 
the plant growth in size by decreasing the internode length in a variety of plants (BATJER et al. 
1 9 6 4 ) . The objectives of this investigation were (a) to determine the effects of B - 9 9 5 on growth, 
flowering and mineral accumulation and (b) to ascertain whether higher concentrations of 
B-995 than previously reported on other species of plants would cause significant changes in 
Nicotiana tabacum L. var. K-49 tobacco plants. 
Nicotiana tabacum L. seed cultivars KeIieu-49 were sown in a seed-bed in a glass house 
and seedlings of uniform size and vigour, at the four leaf stage, were transplanted in cement 
pots (20" X 14") containing a soil manure mixture with three seedlings per pot. After the seed-
lings had become well established, they were thinned out uniformly to one plant per pot. Forty-
two days after transplanting, three concentrations of B-995, namely, 1250, 2500 and 5000 ppm 
were given by single foliar spray and one lot kept as a control. For better distribution and de-
position of spray material, teepol (1 ml/L) was added as a wetting agent for all series. 
Observations were recorded on plant height, stem elongation and on mineral accumula-
tion at weekly intervals. The data on floral buds and inflorescence size were also recorded from 
the commencement of floral buds (40 days) after treatment. 
Chemical constituents were analyzed for ash content (А. О. A. C. 1 9 6 0 ) , nitrogen by the 
micro-Kjeldahl method (А. О. A. C. 1 9 6 0 ) , phosphorus by (А. О. A. C. 1 9 5 0 ) , potassium by 
the cobaltinitrate method ( J O H N S O N — U L R I C H 1 9 6 9 ) . 
Growth responses: The effects of the B-995 sprays were beginning to be visible after 
about a week and differ significantly throughout the growth period. The effectiveness, how-
ever, differed according to the concentration of the solution applied, maximum retardation 
was caused by 5000 ppm of B-995. Lighter dosages were less effective (Fig. 1). S tem length 
was also influenced in the same way as the total height of the shoots with significant differences. 
It was also noticed that the reduction in both characters was well marked throughout the in-
vestigation period (Fig. 2). 
The fresh weight of the stem was significantly decreased by B-995 applications (Fig. 3), 
and the maximum effect was observed at a concentration of 5000 ppm of the chemical. In gen-
eral, the reduction in weight was less severe under the influence of lower concentrations but 
higher than the control. In the case of dry weight, the treatment effects were well marked but 
statistically insignificant (Fig. 4). The fresh and dry weights of the stem were relatively low 
in the beginning and increased with age for some time. At the maturation stage, there were 
again some decreases in these characters. The increase in stem weight is natural because of 
the growth. At the maturation stage, the centre foliage started drying and a reduction in the 
weight occurred. 
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Fig. 1. Response of tobacco plants to foliar sprays of B-995 in plant height 
Fig. 2. Response of tobacco plants to foliar sprays of B-995 in stein length 
Flowering and fruiting behaviour: Approximately 25—35 per cent of the plant popula-
tion had developed the floral buds 40 days after the treatments. At this stage, the maximum 
number (31.7) was found in 1250 ppm treated plants followed by 2500 ppm (28.0) of B-995. 
On the other hand, the highest concentration (5000 ppm) gave 19.2 as compared to 26.7 in the 
untreated controls. However, the maximum number of flower buds was recorded at 60 days 
(Table 1), and statistically the effects were significant. Regarding the inflorescence size it was 
observed that the various concentrations of B-995 were found to be more effective than the 
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Fig. 3. Response of tobacco plants to foliar sprays of B-995 in fresh weight 
Fig. 4. Response of tobacco plants to foliar sprays of B-995 in dry weight 
controls and differed significantly (Table 2). In general, 1250 ppm had the maximum effect 
on this character followed by 2500 ppm, the highest concentration (5000 ppm) showed in-
hibition. 
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Table 1 
Average number of floral buds per untreated and B-995 treated tobacco plant 
recorded 40 days after treatment and the following 10-day intervals 
D a y s a f te r t reatment 
Trea tment 
40 50 60 70 80 Mean 
Untreated (control) 26.7 64.0 78.0 29.0 10.0 41.14 
1250 ppm B-995 31.7 66.0 80.5 30.2 18.2 45.32 
2500 ppm B-995 28.0 63.2 92.5 30.2 12.7 45.32 
5000 ppm B-995 19.2 65.7 91.2 25.0 10.0 42.22 
Mean 26.40 64.72 85.05 28.60 12.72 
C.D. at 5% level 
C.D. at 1% level 
Concent ra t ion Age 
2.52 
3.33 






Average length (cm) of inflorescence of untreated and B-995 treated tobacco 
plants recorded 40 days after treatment and the following 10-day intervals 
Treatment 
D a y s a f t e r t reatment 
40 50 60 70 80 90 Mean 
Untreated (control) 13.7 39.1 45.7 51.2 46.2 46.0 40.31 
1250 ppm B-995 20.7 40.0 55.2 58.7 56.5 56.4 47.91 
2500 ppm B-995 19.4 30.7 53.2 52.7 48.5 48.5 42.16 
5000 ppm B-995 14.0 29.8 48.5 52.0 47.7 47.2 39.86 
Mean 16.95 34.90 50.65 53.65 49.72 49.52 
Concen t ra t ion Age I n t e r a c t i o n 
C.D. at 5% level 1.50 1.85 3.74 
C.D. at 1% level 1.99 2.45 4.95 
Table 3 
Fruiting responses recorded on B-995 treated plants at the age of 90 days after 
treatment; mean 4 replicates 
Concentration in p p m 
0 1250 2500 5000 
No. of capsules/plant 138 210 193 168 
Weight of seeds/plant (Gm) 10.38 11.77 11.27 11.16 
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Besides ail increase in the number of floral buds and size of inflorescence, a marked 
effect on the fruiting behaviour was also noticed (Table 3). Fruits formed on the treated plants 
were more in number, depending upon the concentrations of B-995. The weight of seeds per 
plant was considerably superior in the treated plants relative to the controls. In general, 1250 
ppm treated series gave better response on these characters. However, B-995 has a beneficial 
effect on flowering and fruiting in tobacco plants. 
Mineral accumulation in the stem: The ash contents in the stems of the untreated and 
B-995 treated tobacco plants are presented in Fig. 5. 2500 ppm gave maximum content fol-
DAYS AFTER TREATMENT 
Fig. 5. Response of tobacco plants to foliar sprays of B-995 in ash 
lowed by the control whereas the highest concentration (5000 ppm) and the lowest concentra-
tion (1250 ppm) resulted in the lowest values. A higher nitrogen content had also accumulated 
in the stem than in the control when treated with B-995 (Fig. 6). Soon after treatment the 
nitrogen content increased considerably in the treated series but not in the controls. Later 
the values in all the treated plants including the controls gradually diminished but were always 
higher than in the control. In general, 2500 ppm showed a greater effect on the accumulation 
of the nitrogen content. 
The phosphorus content in the stem of the treated plants was generally higher than in 
the controls (Fig. 7), and the maximum effect was noticed at 2500 ppm of B-995. During the 
later part of the experiment, however, the phosphorus content exhibited a somewhat decline 
in the 5000 and 1250 ppm treatments but the values, except for a brief period, were always 
higher than the control ones. 
Regarding the potassium content, 2500 ppm of the chemical gave higher values, fol-
lowed by 5000 ppm. On the other hand lower than control values were recorded for the 1250 
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ppm-treated series. However, the differences were not as prominent as those recorded for other 
elements (Fig. 8). 
Plant growth was inhibited by the use of the growth retardant B - 9 9 5 as evidenced by 
retardation in stem growth and weights. Maximum reduction was noticed at the highest con-
centration ( 5 0 0 0 ppm). SACHS et al. ( 1 9 6 0 ) reported A similar growth phenomenon and attribut-
ed it to the inhibition of cell division and cell elongation. M A Y R - P R E S O L Y ( 1 9 6 3 ) and Y A D A V A 
( 1 9 7 0 ) reported that the growth retardants like cycocel significantly decreased the weight 
rather than length and this was correlated with an increase in cell wall thickening. 
Fig. 6. Response of tobacco plants to foliar sprays of B - 9 9 5 in nitrogen 
The increase in the number of floral buds and size of inflorescence in the present in-
vestigation can be supported by the findings of S T U A R T ( 1 9 6 2 ) , S H A N K S — L I N K ( 1 9 6 3 ) . They 
observed that the application of growth retardants, namely phosphon, C C C , and B - 9 9 5 caused 
suppression in vegetative growth but definite increase in the number of floral buds and in-
florescence size in the case of Rhododendron, hydrangea and poinsettia flowering plants. This 
may be due to the modifying activity in the cambium cells. Further it is possible that the 
growth retardants directly affect the biochemical processes leading to flower induction. It is 
quite likely that with the passage of time the growth retardant present in the plant is reduced 
to such a level as may influence the flower production. 
The higher accumulation of ash content, nitrogen, phosphorus, and potassium in B - 9 9 5 
treated plants reported in this investigation also confirms that observed in different species 
of plants ( P O O L E 1 9 6 5 , K N A V E L 1 9 6 9 . ) It is possible that since this chemical is considered 
as antimetabolite the change in stem tissue could alter the transport of nutrients and other 
growth materials. CATHEY ( 1 9 6 4 ) , H A L E V Y ( 1 9 6 6 ) explained that the greater number of palisade 
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Fig. 8. Response of tobacco plants to foliar sprays of B-995 in potassium 
cells and lewer intercellular spaces in the leaves of the treated as compared to the control 
plants would either tend to decrease the rapid water loss or increase the efficiency of water 
movement through the leaf tissues. Such an influence on water movement may have extended 
to the root area which could have resulted in a reduced water uptake as well as transpiration 
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rate and an increased salt accumulation ill the plant leaves as suggested by CURTIS ( 1 9 3 5 ) .  
Or its effects may be due to the increased rate of respiration and enzymatic activities as re-
ported by HALEVY ( 1 9 6 4 ) in cucumber seedlings with Amo-1618, and the fact that the salt 
uptake is directly linked to respiration through the cytochrome system ( L Ü N D E G Á R D H 1 9 5 4 ) .  
So from these observations it is possible to conclude that the higher accumulation of nutrients 
in this investigation may be attributable to the combinations of the above factors. 
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ECOLOGY OF DESERT PLANTS AND OBSERVATIONS ON T H E I R SEEDLINGS 
IV. Seed germination and seedling growth in Citrullus species 
The germination of many plants is very poor under laboratory conditions of light and 
temperature but in nature seeds either appear to germinate quickly or not at all (SEN—CHAT-
T E R J I 1 9 6 8 ) . The hard coat of seeds have been reported to inhibit the germination process in 
desert seeds. Temperature has been considered to be one of the most crucial factors in the ger-
mination regulating mechanism and a special agent in certain conditions for breaking the dor-
mancy of desert and semidesert seeds. H A R R I N G T O N ( 1 9 1 6 ) reported the effect of temperature 
pretreatment in the germination studies of seeds. Temperature relations of seed germination 
have also been studied in this laboratory ( S E N — C H A T T E R J I 1 9 6 6 , C H A T T E R J I — M O H N O T 1 9 6 7 ,  
C H A W A N 1 9 7 1 ) . 
The effect of light in the germination of seeds have been known for many years (CROCKER 
1 9 3 6 ) . The seed germination of different species, under various light conditions have been stud-
ied by different workers ( E V E N A R I — N E U M A N 1 9 5 3 , V A B S H N E Y 1 9 6 8 , S E N 1 9 6 9 , B H A N D A H I — 
S E N 1 9 7 3 ) . It has been shown that the conditions for better germination will also depend on 
the nature of the soil, its chemical composition, its physiological structure and the depth of 
the seeds in the soil. 
The present work was carried out on the seed germination of Citrullus colocynthis, a 
perennial cucurbit very well adapted to the hot arid conditions of India and Citrullus lanatus 
cultivated or self grown in the rainy season only in the western part of Rajasthan, India. 
Studies on seed germination were done in sterilized Petri dishes lined with a single layer 
of filter paper moistened with distilled water or with test solution. The criterion of germination 
was the visual detection of the radicle protrusion. Each test was performed in three replica-
tions and each Petri dish contained 10 seeds. In case of C. colocynthis, judicious moisture was 
provided as the seeds rot in excess of water or solution as compared to C. lanatus. The decoated 
seeds were sterilized in 10 per cent mercuric chloride solution. The experiments were carried 
out in continuous light (1000 lux) and total darkness at varying temperatures (23° to 31 °C). 
Observations were recorded daily, and the final observations and measurements of seedling 
growth were made after 4 and 6 days in C. lanatus and C. colocynthis, respectively. The data 
obtained were statistically analyzed for all experiments. 
Both the species possess a very hard seed coat. The removal of the seed coat was done 
by means of a plier. The decoated seeds obtained in this manner were used for germination 
experiments. 
Intact seeds were exposed to various ranges of temperature from 30° to 90 °C for different 
durations: 1, 3, 5, 7, 15 and 30 days in a ventilated oven to determine the effect of a dry 
heat pretreatment. The temperature treatment was provided by placing the decoated seeds 
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in Petri dishes with water (moist heat) and keeping them at different temperatures (20° to 30 °C) 
in tota l darkness for the specific period. 
Decoated and dark-imbibed seeds were used to observe the effect of different wave-
lengths of light on germination percentage. Blue, green and red lights were obtained by wrap-
ping the Petri dishes with differently coloured cellophane papers, for total darkness the seeds 
were kept in light proof cabinets. 
The effect of a number of other pretreatments were tried. The effect of a hot water 
treatment was given by keeping intact seeds in boiling water for the duration of 1 to 15 min-
utes . The chilling treatment was given by keeping intact seeds in a refrigerator at 0 °C for 
the duration of 1 to 24 weeks. Intact seeds were kept in absolute alcohol for a duration of 24 
to 240 hours for this treatment. The wett ing and drying treatment was given for a week to 
the intact seeds. 
To observe the effect of soil t ypes and soil depths, the intact seeds were sown at uni-
form depths in earthen pots, containing sandy, humus, and clay soils. The seeds were sown in 
glass jars at different depths and kept in light proof wooden chambers to ensure complete 
darkness. Water was given when found necessary. Final observations were made after one 
week of the start of experiments. 
a) Seed coat removal. The mechanical removal of the seed coat caused 70 to 100 per cent 
germination in total darkness and only 20 per cent in continuous light. The germination in 
continuous light was visible by a slight protuberance of the radicle and an expansion of that 
cotyledon which remained in contact wi th moisture. This cotyledon enlarged and developed 
chlorophyll, while the other remained unchanged in size and pigmentation. Localized rotting 
t o o k place in decoated seeds germinated in continuous light where some damage had been 
caused by a plier while removing the testa , but this did not happen in those germinated in 
tota l darkness. 
b) Dry heat and temperature. The intact seeds of both Citrullus species exhibited no 
germination after various ranges of dry heat pretreatments. When seed coats of such treated 
seeds were removed, the germination percentage increased to nearly a hundred per cent. This 
proved that temperature had no effect on breaking hard seed coat dormancy. With the in-
creasing temperatures (moist heat), the percentage of germination in C. colocynthis decreased 
but the seedling growth was enhanced. Rotting was more frequent in seeds germinated at 
higher temperatures and the ones germinated showed better growth at those temperatures. 
In C. lanatus the percentage of seed germination also decreased with increasing temperatures 
(Table 1). The linear growth of the seedlings was accelerated by an increase in temperature. 
c) Light treatment. The effect of different wavelengths of light on the seed germination 
and seedling growth of the Citrullus species is presented in Tables 2 and 3. 
It is evident from Tables 2 and 3 that the seeds of the Citrullus species showed a variable 
germination in different wavelengths of light. Germination was poor in almost all the wave-
lengths of light at the end of 4 days except in total darkness. A dark incubation period of 24 
hours to the above exposed seeds brought about a high percentage of germination in all the 
wavelengths of light. This showed that the 24 hours of the dark incubation period was insuffi-
c ient and when the seeds received the optimum dark incubation by another dark incubation 
for 24 hours germination took place and the effect of different wavelengths of light became 
secondary. The linear growth of seedlings was maximum in total darkness, followed by red 
l ight, while growth remained largely unaffected in others. 
d) Other pretreatments. Hot water pretreatment, absolute alcohol pretreatment, chilling 
pretreatment and an alternate wetting and drying pretreatment ot intact seeds showed im-
bibition, but these treatments failed to bring about the optimum germination percentage. 
On removal of the testa these treated seeds showed an enhanced germination percentage in 
total darkness. 
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Table 1 
Effect of different temperatures (moist heat) on the germination percentage oj the 
decoated seeds and the linear growth (in cm) of seedlings in C. colocynthis and 
C. lanatus at the end of the 6 and 4 days, respectively 
C. colocynthis C. lanatus 
Tempera ture 
in °C Germina t ion 
percen tage Radicle Hypocotyl 
Germinat ion 
percentage Radicle Hypocoty l 
22 98.0 ± 5 . 0 3 .4±0.1 0 .6±0.1 99 .0±6 .0 4.0 ± 0 . 6 1.1 ± 0 . 4 
25 8 4 . 0 ± 2 . 8 3.5 ± 0 . 2 0.7 ±0 .3 89.6±S.O 5 . 3 ± 1 . 0 1 .2±0 .6 
27 78.2 ± 2 . 0 3 .8±0 .8 1 .5±0.4 76 .6±2 .8 6 . 4 ± 1 . 2 1 .8±0 .9 
29 6 5 . 0 ± 3 . 0 4.9 ± 0 . 9 1 .8±0.3 70 .4±3 .0 8.4 ± 0 . 9 2 . 3 ± 0 . 8 
31 50.0 ± 0 . 0 6 .0±0 .2 3 .4±0.1 68 .3±0 .0 10 .4±0 .8 3.0 ± 0 . 4 
33 4 2 . 2 ± 0 . 0 7.1 ± 0 . 4 5 .8±0.2 60.0 ± 0 . 0 11 .2±0 .6 4.<j±0.7 
35 3 5 . 0 ± 3 . 0 9 .5±0 .9 6 .1±0.1 51 .9±3 .0 13.2 ± 2 . 0 5.9 ± 0 . 4 
Table 2 
Effect of different wavelengths of light on the germination percentage of decoated 




percentage af ter 
4 days 
Germination 
pereentage a f t e r 
7 days* 
1
 Growth of seedlings 
a f t e r 7 d a y s 
Radicle Hypocotyl 
Green 20.0±1.0 80 .0±5.0 1 .7±0.2 0 .3±0 .1 
Blue 23.3±2.5 83.0 ± 4 . 0 1 .7±0.3 0.2 ± 0 . 2 
Red 36.0 ±5.1 90.0±6.0 2.3 ±0 .5 0.3 ± 0 . 0 
Total darkness 76.0 ±1.0 98.0±8.0 4.0 ±0 ,1 0 .6+0 .4 
White 25.0±1.0 85.2±2.0 2 .0±0.5 0 .3±0 .1 
* 24 hours dark incubation after 4 days exposure to different wavelengths of light 
e) Effect of soil types and sotring depths. The germination of C. colocynthis was found to' 
be the best in sandy soil and that of C. lanatus in humus soil. Clayey soil proved unfavourable 
for germination in both the species (Table 4). 
In C. colocynthis, the germination percentage was 60 per cent when sown at a 2 cm 
depth: while it was 80.2 per cent at 3 cm in C. lanatus (Table 5). 
Germination was visible in glass jars at 2 and 3 cm but the seedlings came out. earlier' 
from land 2 cm deep both in C. colocynthis and C. lanatus. 
Seeds of a large number of desert species are reported to germinate abundantly in na-
ture, but ordinarily they failed to do so under laboratory conditions ( S E N — C H A T T F . H J I 1 9 6 8 ) .  
C. colocynthis is an example of the type where germination under laboratory conditions was 
difficult or extremely poor. 
Application of dry heat at different temperatures ranging from 60° to 100 °C causeib 
higher imbibition and germination ( S E N — C H A T T E R J I 1 9 6 6 , С Н А W A N 1 9 7 1 ) . Such A treatment 
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was not found to produce any effect on the intact seeds of any of the Citrullus species. In de-
coated seeds of both the Citrullus species, the germination percentage decreased with increasing 
high temperatures (and increased with falling temperatures). At the same time a high tempera-
ture favoured the seedling growth. S E N — С Н А W A N ( 1 9 7 0 ) showed that the higher temperature 
suppressed the seedling growth of Astercantha longifolia both in continuous light and total 
darkness. K O L L E R et al. ( 1 9 6 3 ) reported that naked embryos of C . colocynthis germinated at all 
temperatures between 20° to 35 °C and their growth was found strongly favoured by the high 
temperature and darkness. 
M A Y E R - M A V B E R (1963) stated that seeds might be divided into: those germinating 
only in the dark; germinating only in continuous light; germinating after being given a brief 
illumination; and those which were indifferent to the presence of absence of light during ger-
mination. The seeds of Citrullus species fall in a category where a high percentage of germina-
Table 3 
Effect of different ivavelengths of light on the germination percentage of decoated 
seeds and the linear growth (in cm) of seedlings in C. lanatus 
Waveleng ths 
of l ight 
Germinat ion percentage 
a f t e r 4 d a y s 
Germinat ion percentage 
a f t e r 7 days* 
Growth of seedlings 
af ter 7 days 
Radicle H y p o c o t y l 
Green 20.6 ± 2 . 0 85 .0±6 .0 2 . 9 ± 0 . 6 0 . 6 ± 0 . 1 
Blue 2 1 . 6 ± 1 . 0 85 .0±4 .6 2 .8±0 .7 0.7 ± 0 . 2 
Red 2 3 . 3 ± 3 . 0 90 .0±4 .5 3 . 8 ± 0 . 6 0 . 9 ± 0 . 2 
Total darkness 8 1 . 0 ± 3 . 3 9 9 . 0 ± 3 . 3 6 .2±1 .2 2 . 3 ± 0 . 3 
White 1 8 . 3 ± 1 . 3 85.2 ± 1 . 3 3 .2±0 .8 0 . 9 ± 0 . 2 
* 24 hours dark incubation after 4 days exposure to different wavelengths of light 
tion took place in total darkness. An interruption by a 24 hours total dark period for seeds 
germinating in light after the initial 24 hours dark incubation, enhanced the germination per-
centage. This shows that in reality a 48 hours dark period is necessary for the germination of 
seeds in Citrullus species. These findings do not agree with those of K O L L E R et al. ( 1 9 6 3 ) who 
reported that under light and dark conditions embryos germinated within 2 4 hours. S E N ( 1 9 6 8 )  
reported that continuous illumination appeared to hasten seed germination in Euphorbia 
caducifolia. He also observed that the seeds of desert plants like Calotropis procera and Lepta-
denia pyrotechnica were not rigid in their requirements of light and temperature for germination 
( S E N 1 9 6 9 ) . 
K O L L E R et al. ( 1 9 6 3 ) reported the inhibition of germination in seeds of C. colocynthis 
in blue and green lights. In the present study, poor germination as well as seedling growth 
was observed in blue and green lights. S E N ( 1 9 6 9 ) reported that Calotropis procera was not 
appreciably affected in any light except white. Blue light was conclusively shown to affect 
seed germination ( E V E N A R I et al. 1 9 5 7 ) . 
Extremely low or nearly freezing temperatures have not normally been found favour-
able in enhancing the permeability in most desert seeds like Cassia auriculata, Heliotropium 
eichwaldi ( C H A T T E R J I 1 9 6 9 ) . A chilling treatment had no effect on germination in both the 
species of Citrullus. K O L L E R et al. ( 1 9 6 3 ) reported that soaking in acetone, immersion in boiling 
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water and a dry heat pretreatment failed to improve germination in C. colocynthis which ob-
servation agreed with the present work. However, with all the above treatments, the embryo 
viability was not impaired and upon decoating seed germinated very promptly in total dark-
ness. 
Table 4 
Effect of different soil types on the percentage of seed germination in C. colocynthis 
C. lanatus at the end of 7 days 
Soil types C. colocynthis C. lanatus 
Sand 8 0 . 0 ± 4 . 0 85 .0±1 .2 
Humus 6 8 . 0 ± 3 . 0 96 .2±2 .2 
Clay 60.0 ± 5 . 0 48 .0±2 .8 
Table 5 
Effect of sowing at different depths in sandy soil on the percentage of seed 
germination in C. colocynthis and C. lanatus at the end of 7 days 
D e p t h in cm C. colocynthis C. lanatus 
1 5 0 . 0 ± 1 . 2 55 .6±1.0 
2 6 5 . 0 ± 2 . 4 60.6 ±4 .0 
3 6 0 . 2 ± 3 . 2 80 .2±2 .0 
4 5 0 . 0 ± 3 . 4 55 .0±3 .0 
5 2 5 . 0 ± 3 . 0 35.0 ±3 .8 
The inhibitory effect of the testa could be a result of its mechanical resistance to embryo 
expansion, impermeability to water or other substances or the presence of inhibitors (KOLLER 
et al., 1963). In the present investigations, it was observed that differently treated seeds and 
even the untreated ones absorbed water which caused an increase in their weights. Therefore, 
it appeared that testa did not present a barrier to water absorption (KOLLER et al. 1963). 
The difference in the germination percentage of various types of soils, corresponded to 
the natural habitat of both the Citrullus species. A better germination and growth of the seed-
lings of C. colocynthis in sandy soil and that of C. lanatus in humus soil was commonly seen. 
M O N T A S I R — A B E D E L R A H A M A N ( 1 9 5 1 ) reported that the highest germination percentage in 
the Zygophyllum simplex was obtained at the superficial level of the soil while the rate of per-
centage decreased to 11 per cent at a 1 cm depth and became poorer still as the depth increased. 
In the present investigation C. colocynthis exhibited better germination at a 2 cm depth while 
C. lanatus at a 3 cm depth. 
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STUDIES ON EGYPTIAN BLACK OLIVES I. R A W MATERIALS U S E D IN THE 
PICKLING 
The olive fruit (Olea europaea) is the most important oil crop cultivated in the oases 
and the rehabilitated areas in Egypt. The olive oil and the pickled fruits play an increasingly-
important role in the diets of the people in Egypt. The whole fruit may contain 3 5 — 7 0 per cent 
of oil (dry basis) ( M A T T I L et al. 1 9 6 4 ) . The pulp often contains over 75 per cent (MATTIL et al. 
1 9 6 4 , CRUESS 1 9 3 8 , J A C O B S 1951 ) . Ripe olives contain 6 9 . 6 0 per cent moisture, 4 — 4 . 3 per cent 
carbohydrates and 3 . 4 0 per cent ash ( C R U E S S 1 9 3 8 , J A C O B S 1 9 5 1 ) . Great efforts are being car-
ried on for the breeding of olive varieties that have high oil content and are suitable for pickling. 
There is no adequate information concerning the chemical structure of the olives in Egypt. 
The objective of this study was to evaluate the olive varieties produced in Egypt by two 
methods of cultivation. 
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Sampling: Olea europaea of Sarrana, Negral, Sevillano, Willd longa, Picual and Arbequin 
varieties were propagatod by cutting and grafting in the Waddy El Natroon oasis, Egypt . 
Olive fruits of Chemlaley Weatecken and Hammaddy varieties grown as grafts at Siwa oasis, 
Egypts, were used. The fruits were harvested at ripe stage in December 1972. 
Analytical methods: The fruits were cut into halves and the seeds were removed then 
macerated in a Waring blendor and the resulting sample was taken directly for analysis. Sam-
ples used for oil determination were prepared by crushing the whole fruits into a mortar similar 
to the common method of production by which the whole fruits are crushed before pressing. 
The samples were analyzed for the moisture content at 105 °C for 3 hours, the ash and the oil 
(as ether extract) using the usual standard methods (A. O. A. C. 1960). 
Table 1 
The oil content in the whole fruits of the olive varieties cultivated in Egypt 
(dry basis) 
Variety 
Method of cultivation 
Cutting Grafting 
Sarrana 4 7 . 3 2 5 0 . 6 0 
Negral 4 7 . 5 0 5 0 . 7 1 
Sevillano 4 6 . 2 2 5 0 . 1 9 
Villd longa 4 3 . 2 1 4 6 . 9 4 
Picual 4 5 . 1 4 4 9 . 0 1 
Arbequin 4 3 . 3 2 4 7 . 0 3 
Chemlaley 4 7 . 2 0 
Weatecken 3 9 . 0 4 
Hammaddy 3 4 . 5 5 
Acidity was determined by titrating the olive fruits after water extraction by 0.1 N 
Na OH until PH 8.0 using a Radio pH-meter. The same apparatus was used for the pH value 
determination. Sugars were identified by the method previously mentioned b y S A L E M — H E G A Z I 
( 1 9 7 3 ) . The Munson and Walker gravimetric method as described by W L N T O N — W I N T O N ( 1 9 4 7 )  
was used for the determination of sugars. 
The chemical analysis of the olive fruits grown in Egypt is shown in Tables 1 and 2. The 
oil content in the whole olive is in the range previously mentioned by others ( M A T T I L et al. 1 9 6 4 ) .  
Table 1 indicates that the grafting method caused a high oil content in the fruits. Negral, 
Sarrana and Sevillano olive varieties are the highest from the oil content point of view. Weat-
ecken and Hammaddy have the lowest oil content. 
The total solids, pH, acidity, ash and sugar contents of Egyptian olive varieties produced 
by cutting and grafting cultivation methods are shown in Table 2. The p H and acidity have 
been of particular interest for pickling purposes. The pH ranged from 5.3 to 6.1 and the acidity 
per cent (as citric acid) from 0.34 to 1.20. The ash content ranged from 3.83 to 5.53 per cent. 
Sarrana had the highest value while Negral had the lowest. Sugars are an important quality 
attribute for the pickling of the olive fruits. However, sugars are responsible for lactic acid 
fermentation during pickling. The total sugar per cent ranged from 0.67 to 5.84. Chemlaley 
had the highest, while there were 0.67 per cent in the Arbequin. Weatecken and Hammaddy 
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Table 2 
Chemical characteristics of olive varieties produced by cutting and grafting 




Total a c i d i t y 
о/ 
/о (as citric ac id) 
Sugars 
Var ie ty P h Ash 
% 
F r u c t o s e 
a n d Sucrose Total 
glucose 
1-Cutting method 
Sarrana 35.62 5.3 1.13 5.53 2.29 0.00 2.29 
Negral 34.53 5.5 0.86 3.83 3.38 0.86 4.24 
Sevillano 33.22 — — 4.94 1.08 1.39 2.47 
Villd longa 32.65 5.5 0.96 4.59 1.16 0.00 1.16 
Picual 33.22 5.9 0.45 4.99 2.69 0.00 2.69 
Arequin 34.15 5.8 0.74 4.93 1.29 0.00 1.29 
Chemlaley 39.88 5.4 0.48 4.50 5.84 0.00 5.84 
Weatecken 35.88 5.4 0.59 4.49 3.86 0.00 3.86 
Hammaddy 35.80 5.3 0.65 4.70 3.72 0.00 3.72 
2-Grafting method 
Sarrana 34.92 5.8 0.49 4.84 1.80 0.00 1.88 
Negral 35.12 5.9 0.62 4.01 1.68 0.00 1.68 
Sevillano 34.44 5.7 0.69 4.17 1.12 0.00 1.12 
Villd longa 33.11 5.3 1.20 4.71 0.97 0.00 0.97 
Picual 34.52 6.0 0.49 5.34 1.16 0.00 1.16 
Arbequin 33.95 6.1 0.34 3.88 0.67 0.00 0.67 
Cutting showed a decrease in pH and acidity and an increase in sugars and ash contents 
varieties had 3.86 and 3.72 per cent. Sugars were identified as fructose, glucose and sucrose. 
Sucrose was identified only in Sevillano and Negral, meanwhile other varieties contained fruc-
tose and glucose. 
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N BALANCE IN F L O O D E D RICE CULTURE IN RELATION TO METHODS OF 
APPLICATION 
Among plant nutrients N is usually the most limiting for higher rice yield in India. 
The current shortage of N fertilizers and high cost calls for its efficient use. This is important 
from the point of view of possible nitrate pollution as well, particularly at high levels of appli-
cation. In flooded rice culture, applied N is subjected to gaseous loss through volatilization 
and denitrification ( A B I C H A N D A N I P A T N A I K 1 9 5 8 , GUPTA 1 9 5 5 ) , and leaching in light-textured 
soils ( P A N D E — A D A K 1 9 7 1 ) . In addition, a considerable amount may be tied up in the soil 
through biological immobilization particularly when straw is incorporated, and it is not certain 
how much of this is available to meet the current demand of the growing crop. It is, therefore, 
not surprising that in field experiments usually only 28 to 34 per cent of the applied N is re-
covered in plant uptake ( R A J E N D R A P R A S A D et al. 1 9 7 1 ) . Split application, deep placement, 
slow-release source, and intrification-inhibitors have been tried to achieve greater efficiency of 
applied N with varying degree of success. This paper describes an attempt to draw a N balance 
sheet from a pot-culture experiment in which urea was applied through soil balls with and 
without deep incorporation of rice straw and through soil plus straw balls. 
Four kg of sandy loam, surface soil (0—15 cm) from the Institute farm (pH 6.8, total 
N 0.018%, organic С 0. 193%, С. E. С. 5 m.e./lOO g, and exchangeable NHj—N 5 ppm) was 
placed in tall pots with drainage line underneath. Pebbles-followed by washed river sand were 
placed between the soil and the drainage line to facilitate leachate collection. The potted soil 
was mixed with 1.1 g of single superphosphate and 0.3 g of KCl to give 100 kg per ha P 2 0 ä  
and K 2 0 . Each urea-straw-soil ball was composed of 0.1 g urea in solution form, 1.35 g ground 
rice straw and 12.0 g air dry soil. The soil acted to give a cohesive ball. The composition of 
urea-soil balls was similar except that straw was not included. To check the loss of urea so-
lution, the components were mixed over a polythene sheet and then shaped into balls without 
direct contact with the hand. The balls were air-dried in shade under a fan. Each hall was equiv-
alent to 25 kg N per ha without considering the 0.4 per cent N in the straw. For split applica-
tions, the balls were prepared a few days before incorporation. 
The soil was puddled by hand and N was applied as follows: — (1) basal application of 
urea — soil balls, (2) split application of urea-soil balls, (3) basal application of urea-straw-soil 
balls, (4) basal application of urea-soil balls with a 3 em soil plus straw (500 g + 8.1 g) layer 
at 20 cm depth, (5) split application of urea-soil balls with soil plus straw layer as in Treatment 
4, and (6) split application of urea granules, the basal dose being applied on soil surface followed 
by light puddling up to 2 cm depth and the rest being top-dressed on flood water. The balls 
were pushed to a depth of 8 cm in both basal and split applications. In basal application 6 balls 
(150 kg N/ha) were applied a day before transplanting. In split treatment 3 balls (75 kg N/ha) 
were applied basally followed by 2 and 1 (50 and 25 kg N/ha) at maximum tillering and flower-
ing stages, respectively. In Treatments 3, 4 and 5 the total quantity of straw per pot was kept 
uniformly at 2 per cent level (W/W). Each treatment was replicated 6 times. 
Rice seedlings (Oryza sativa L. Ratna) were transplanted at the rate of 3 per pot. Soon 
after seedling establishment the pots were flooded to a depth of 8 cm, the drainage line was 
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opened and connected to individual bott les for leachate collection. Fifty ml of leachate was 
collected per pot per day during the entire growth period, approximating a vertical percolation 
loss of 3 mm per day on soil weight basis. The leachates were acidified and stored in a refrigera-
tor to prevent fungal growth. Seven days' collections from individual pots were pooled and 
2 composite samples made by mixing the leachates from 3 replicates each of a treatment. The 
duplicate samples were analyzed for mineral (NH,-j- N 0 3 ) — N by the micro-distillation pro. 
Table 1 
N balance sheet 
T r e a t m e n t 
T o t a l 
N 
i n p u t 
m g / p o t 
a 
N out go t h r o u g h 
crop 
removal leaching 









in t he c rop 
% of 
to t a l 











to ta l 
input 
1. Urea+soil balls, basal 
application (150—0—0) 333.0 233.5 55.0 24.5 70.12 313.0 6.1 
2. Urea-j-soil balls, split 
application (75—50—25) 333.0 187.5 45.5 30.6 56.30 263.6 20.9 
3. Urea+straw balls, basal 
application (150—0—0) 365.4 115.8 42.4 136.4 31.69 294.6 19.4 
4. Urea+soil balls, basal 
application with straw layer 
below (150—0—0) 365.4 202.0 38.4 115.6 55.28 356.0 2.6 
5. Urea+soil balls, split 
application with straw laver 
below (75—50—25) 365.4 203.3 25.2 86.7 55.63 315.2 13.8 
6. Urea granules, split 
application (75—50—25) 333.0 121.2 50.6 55.0 36.39 206.8 37.9 
a —Total of 270, and 20 mg N/pot from urea, irrigation water and soil (exchangeable +-
mineralizable) respectively. Treatments 3, 4 and 5 additionally contained 32.4 mg N/pot 
through straw 
b —C.D. 5 % , 29.58 
cedure ( B R E M N E R 1 9 6 5 ) . The cumulative loss of mineral-N through leaching was expressed as 
m g per pot. The N input through irrigation water was calculated from the volume used daily 
to maintain the f lood level and the concentration (2.5 ppm). The growth of blue-green algae 
was severely affected, probably due to unusually low air temperature during the winter season 
and therefore the N contribution from this source was not considered. 
The shoot portion of one plant per pot each at maximum tillering, flowering and matu-
ri ty was harvested, oven dried (80 °C), and analyzed for total N following Kjeldahl digestion 
and Nesselerization. The grain samples were analyzed separately. From these analyses, the 
N uptake at different stages and the total recovery in the crop was calculated. Immediately 
after final harvest, the entire pot soil was evacuated taking precaution to leave behind the 
sand and pebble layer and then air-dried. The plant roots were removed by sieving and hand 
picking. Mineralizable N in the soil was determined by the anaerobic incubation procedure 
( W A R I N G — B R E M N E R 1964). The nitrate-, exchangeable-, and clay fixed-N was only in traces. 
The mineralizable portion represented the bulk of residual, organic-N and the "not-account-
able"-N the gaseous loss through denitrification/volatilization, in accordance with the general 
practice. No direct measurement of the latter was attempted. 
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The N balance sheet (Table 1) showed that 70 per cent of the total N input was recovered 
in the crop on basal application of urea-soil balls at 8 cm depth. The low residual, organic-N 
in the soil and not-accountable fraction indicated negligible immobilization and gaseous loss 
through volatilization and/or denitrification. This method of application, therefore, resulted iri 
efficient N uptake, particularly during the tillering stage (Table 2), and significantly higher 
grain and straw yields (Table 3). Split application of urea granules, however, resulted in a signif-
Table 2 
Concentration and total uptake of N (oven dry basis) 
Tillering s tage Flowering stage Final ha rves t 
Treatment T o t a l Tota l 
Straw Grain 
Cone Cone 
m g Is u p t a k e mg/g u p t a k e Cone. Tota l Cone. Total 
m g / p o t mg/po t mg/g up take m g / g uptake 
mg/pot mg/pot 
1. Urae+soi l balls, basal 
application (150—0—0) 18.00 61.44 9.66 57.07 5.61 46.89 6.31 68.08 
о Urea+soi l balls split 
application (75—50—25) 12.84 29.45 14.36 56.24 5.61 34.66 7.86 67.16 
3. U r e a + soil+straw balls, 
basal application 
(150—0—0) 15.34 36.12 11.51 36.85 4.67 16.87 7.94 25.93 
4. Urea+soi l balls, basal 
application with straw + 
soil layer below 
(150—0—0) 16.03 55.48 12.40 68.38 4.07 22.08 8.16 56.01 
5 Urea + soil balls, split 
application with s t r a w + 
soil layer below 
(75—50—25) 15.55 30.75 20.63 73.96 5.88 36.71 8.64 61.85 
6. Urea granules, split 
application (75—50—25) 14.92 14.80 19.75 46.80 6.38 25.01 9.09 34.63 
C.D. 5% 4.36 19.19 2.30 17.05 1.10 7.10 1.98 18.41 
icantly lower recovery of N by the crop and poor straw and grain yield, probably because of 
about 38 per cent loss of N through gaseous products. But when the split application was made 
using urea-soil balls, the N recovery and straw and grain yield improved. The gaseous and leach-
ing losses were also reduced to nearly 21 and 13 per cent, respectively. Placement of split ap-
plication in the reduced zone is known to decrease gaseous losses. However N fertilizers are 
usually broadcast over flood water, leading to heavy losses. The use of urea-soil balls, which 
can be easily pushed down, may prove quite successful in areas where the fields cannot be drained 
before top-dressing on account of either topographical reasons, or uncertain availability 
of water for reflooding. 
Basal application of urea-straw-soil balls caused low crop recovery of N (about 31.7  
per cent) and straw and grain yield at harvest, which were not significantly different from 
those with a split application of urea granules. However, the former method helped to conserve 
N by reducing the leaching and gaseous losses, and by augmenting the organic pool which could 
be tapped by a succeeding crop. It may also reduce the denitrification loss that occurs on alter-
nate flooding and drying of rice fields. Despite, these benefits, immobilization, which account-
ed for 37.3 per cent of the total N input, appeared to hinder N uptake and reduce yield of cur-
rently growing crop. B R O A D B E N T — N A K A S H I M A ( 1 9 7 0 ) also observed extensive immobilization 
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of N'Mabelled ammonium sulphate in a laboratory incubated, flooded soil containing 1 per 
cent barley straw. On the other hand, W I L L I A M S et al. ( 1 9 6 8 ) did not find evidence of immobi-
lization that could limit rice yield in a flooded, field culture when rice straw (0.45 per cent N) 
supplemented with urea was incorporated. 
Deep incorporation of straw (Treatments 4 and 5) mitigated, to some extent, the dis-
advantage of placing it in the root zone (Treatment 3). Lower immobilization appeared to 
lead to significantly greater N uptake and higher straw and grain yield; the leaching and gaseous 
losses were also reduced. The comparatively low fraction of applied N which could escape plant 
uptake probably resulted in smaller leaching loss and immobilization. B A R T H O L O M E W (1965) 
has drawn attention to the importance of available N and the position of plant residues in the 
soil in connection with immobilization. 
Table 3 
Straw and grain yield (gjpot) oven dry 
T r e a t m e n t Max imum 
tillering 
Straw yield a t 
Flowering M a t u r i t y 
Grain 
yield 
l . Urea + soil balls, basal application (150—0—0) 3.40 5.75 8.42 10.77 
2. Urea+so i l balls, split application (75—50—25) 2.28 3.93 6.28 8.35 
3. Urea+so i l+s traw balls, basal application 
( 1 5 0 - 0 - 0 ) 2.22 3.21 3.58 3.40 
4. Urea + soil balls, basal application with 
s traw+soi l layer below (150—0—0) 3.48 5.50 5.40 7.07 
5. Urea+so i l balls, split application with 
s traw+soi l layer below (75—50—25) 1.97 3.60 6.43 7.01 
6. Urea granules, split application (75—50—25) 1 . 0 0 2.36 3.94 3.80 
C.D. 5% 0.75 1.02 1.21 1.44 
It is interesting to evaluate the various methods of application in terms of N leakage 
from flooded rice culture (Table 1). The loss of N through the soil profile, which might pose a 
threat to the quality of underground or surface waters specially at high rates of fertilization, 
may be minimized by using straw. Deep incorporation of straw followed by split application 
of urea-soil balls reduced the leaching loss over 50 per cent of that observed on comparable 
application of urea granules or urea-soil balls without straw. The interference in N uptake 
through immobilization was not as severe as that when the straw was placed in the root zone. 
This method, therefore, afforded the best compromise between the control of leaching losses 
through biological immobilization and grain yield. The leakage to atmosphere via gaseous 
products is important to the overall efficiency of applied N. The best crop recovery of N and 
grain yield with the minimum possible denitrification/volatilization loss was obtained when 
urea-soil balls were applied basally at the depth of 8 cm. 
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IRRIGATION REQUIREMENTS OF MAIZE IN A TROPICAL ENVIRONMENT 
Zea mays (maize) is a minor crop in the Sudan, mainly produced by rain. Sorghum vul-
gare (dura), Pennisetum typhoieum (bulrush millet) and Triticum vulgare (wheat) are the main 
cereal crops. The consumption of wheat is progressively increasing and the country, so far 
has managed to produce about half its requirements. The idea of mixing wheat flour with 
that of a locally more available cereal for making bread has been accepted with the advantage 
of reducing imports, especially when prices of imported wheat increased sharply. Although 
the flour of wheat and sorghum have been mixed in certain proportions and marketable bread 
was made in spite of the inferior baking quality of sorghum, maize appears to be a more attrac-
tive substitute to mix with wheat, its yel low pigment being more similar to that of wheat and 
the taste quality is probably better than that of sorghum. In addition to the value of maize 
for human consumption, the grain is, of course, well-known as a rich feed for animals including 
poultry and the local and world market have a strong demand for it. 
Since the yields of rain-fed maize in the Sudan are unreliable and poor (around 750 
kg/ha), the need was strongly felt to carry out some experimental work to determine the yield 
potential under different levels of irrigation and to assess the efficiency of water use of this 
crop within the range of soil moisture where economic production is likely to be recommended. 
Two experiments were carried out between August 1971 and March 1972 in the fields 
of the Faculty of Agriculture, near Khartoum. The experimental area of the first experiment 
was under pulses preceded by cotton, the site of the second experiment was previously under 
beans preceded by wheat . The land was ploughed, disced and levelled. The experimental plots 
were 4 X 4 m, the borders of which were excavated to the depth of 90 cm in which overlapping, 
galvanized iron sheets were installed and buried to ground level. At the surface the plots were 
separated by earthen embankments to about 60 cm high and 70 cm wide. The experimental 
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Table 1 
IFafer received during the season 
Firs t exper iment Second experiment 
before 
a f t e r t r ea tmen t 
before 
t r ea tmen t s 
m m 
af ter 




t rea tments 
plus rain 
mm rain m m rrigalion m m 
T o t a l 
m m 
T o t a l 
m m 
A 253 17 360 630 150 560 710 
В 253 17 220 490 150 385 535 
С 253 17 140 410 150 280 430 
D 253 17 82 352 150 246 396 
N.B. The rainy season ended before the beginning of the second experiment 
Table 2 
Means of some attributes of growth at harvest I. 
(N.B. in Tables 2 to 4 each mean was based on four samples (one per plot). 
Crop height was the mean of 12 plants measured in the field) 
First expe r imen t Second experiment 
t r e a t - C r ° P 

























A 160.0 45.6 83.9 6.42 171.9 48.0 68.8 6.24 
В 151.8 42.5 71.0 5.80 173.5 42.8 63.5 6.25 
С 141.5 43.0 60.6 6.32 156.1 45.6 70.1 5.62 
I) 126.2 45.4 62.1 6.81 144.4 41.6 55.0 5.26 
S.E. 4.1 1.6 4.4 0.24 3.8 1.8 4.4 0.49 
site was surrounded by an adequate guard area of maize. Irrigation water was highly controlled 
by a system of metal pipes, control vales, and an adjustable pressurized rubber hose. Water 
was supplied by a pump of known discharge, withdrawing water from a reservoir of maintained 
suction-head. The predetermined quantity of irrigation water was directly discharged at the 
plot as flood irrigation. 
A local variety of maize, ''Hudaiba 113", recommended by the Agricultural Research 
Station for the Northern Sudan, was chosen for the present studies. The sowing date of the 
first experiment was on 11. 8. 71, about the middle of the short monsoon season, during which 
maize is grown traditionally. The crop of the second experiment was sown on 16. 11. 71, by the 
onset of the cool dry season which also fitted within the recommended sowing date for maize 
under irrigation in Northern Sudan (IMMAM 1969). Five seeds per hill were sown by hand at 
20 cm spacing and 50 cm between the rows. The plants were thinned to two per hill 20 days 
later and again thinned to one seven days thereafter to achieve uniformity of stand of 100,000 
plants per ha. At sowing ammonium sulphate was broadcast at the rate of 375 kg per ha. The 
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Table 3 
Means of some attributes of growth at harvest II 
Fi r s t experiment Second e x p e r i m e n t 
D r y Dry D r y * Dry D r y Dry* 
Dry weigh t weight w e i g h t Leaf D r y weight weight weight Leaf 
T r e a t m e n t height of of of area he igh t of of of area 
cm leaves stems e a r s index c m leaves s t ems ears index 
g g g g g 
A 201.3 51.1 104.8 103.8 6.66 198.2 67.4 123.0 12.3 9.14 
в 
196.5 71.0 92.5 61.8 8.39 190.2 64.0 112.5 14.8 7.25 
с 
166.3 67.0 98.0 33.8 8.49 172.8 69.0 103.0 13.8 8.04 
D 162.5 60.0 115.5 81.0 7.01 148.6 53.0 99.0 7.0 7.07 
S.E. 5.1 4.4 7.4 13.2 0.48 4.9 3.8 5.7 2.0 0.43 
*Rachis J- developing grain 
Table 4 
Means of some attributes of growth at harvest III 
Fi r s t experiment Second e x p e r i m e n t 
D r y Dry D r y * Dry D r y Dry* 
Crop weight weight weight Leaf Crop weight weight weight Leaf 
T r e a t m e n t height of of of area he igh t of of of area 
cm leaves stems e a r s index c m leaves s tems ears index 
g g g g g g 
A 206 74.7 130 157 8.17 232 50.0 87.0 41.5 6.05 
В 185 52.7 115 79 6.23 221 50.5 99.5 58.3 5.54 
С 
174 50.0 92 43 6.06 204 43.4 82.8 32.0 4.90 
D 165 55.5 131 56 5.52 191 44.1 70.0 15.6 5.48 
S.E. 4.4 3.3 8.9 17.9 0.33 4.8 2.5 5.8 5.0 0.32 
* Rarhis -f- developing grain 
plots were hand weeded twice during the first month after sowing and then there was no need 
for weeding. 
Four water treatments were included in the study as follows: 
Treatment A received irrigation every five days at 40 mm per irrigation; В every 10 
days at 55 mm; С every 15 days at 70 mm; D every 20 days at 82 mm. Each treatment was 
replicated four times in a randomized block design. Soil moisture was sampled gravimetrically 
at the end of each irrigation interval, at dephts of 15, 30, 45, 60, 75 and 90 cm; in addition 
periodic measurements of soil moisture were made, using the neutron soil moisture meter at 
depths from 10 to 120 cm. The irrigation treatments were introduced 30 and 33 days after 
sowing for the two experiments respectively, i.e. during the vegetative period when the plants 
had an average height of about 60 cm. The water received by the crop from rain or irrigation 
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Table 5 
Components of final yield of the first experiment 
(means were based on four plots/treatment) 
T r e a t m e n t 
Number of 
ears per p l o t 
Grain yield 
per plot per ha k g k g 
L i t r e weight 
S 
Weight of air 
dry shoo t s 
per p lo t* 
kg 
A 123 4.823 3014 760.5 16.308 
В 92 1.921 1200 705.5 16.251 
С 72 1.335 834 689.0 15.346 
D 65 1.016 635 676.0 14.270 
S.E. 9.2 0.387 12.2 0.507 
* "Weight of air dry shoots (moisture content about 11%) included all the aerial 
parts except the grain 
Moisture content for the grain was about 10% 
Table 6 (a) 
Components of yield of the second experiment 
(means were based on four plots/treatment) 
T r e a t m e n t 
Number of 
ears per p lo t 
Grain yield 
per plot 1 per ha kg kg 
Li t re weight g 
Weight of air 
dry shoo ts* kg 
A 178 10.489 6556 797.7 20.030 
В 145 7.125 4453 738.4 16.516 
С 126 5.581 3488 721.5 14.944 
D 122 3.977 2486 708.2 14.505 
S.E. 6.5 0.651 12.4 1.792 
* Weights of air dry shoots (about 11% moisture) included all the aerial parts except 
the grain. Moisture content of the grain was about 10% 
before and after the treatments were introduced in the two experiments is summarized in 
Table 1 and Table 8b. 
In both experiments the growth and development of the crop was followed during the 
growing season by taking three harvests, in the first experiment the first harvest was taken 
on 28. 9. 71 (18 days after applying Treatment A), followed by t w o more at 10 day intervals. 
In the second experiment the first harvest was on 12. 1. 72 (24 days after applying Treatment 
A) and the other two were at 10 day intervals (Tables 2, 3 and 4). Tables 5 and 6(a) summarize 
the components of final yield for the two experiments respectively. Table 6(b) gives a summary 
of gross returns from the different irrigation policies. Table 7 presents values of the efficiency 
of water use for the two experiments. 
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Table 6 (b) 
A comparison of extra returns from one hectare (in Sudanese pounds*) due to 
extra irrigation above treatment D 




* One Sudanese pound approximately = 1.2 English pounds. Gross returns were 
calculated on the basis of the difference between the gross income from the value of extra 
grain and the cost of extra irrigation, accepting the present irrigation water rates of 7.5 pounds 
per irrigation of 75 mm per ha and a gross income to the grower of only 20 pounds per ton 
Table 7 
The effect of irrigation practice on irrigation afficiency 
Fi rs t experiment Second experiment 
Trea t -
m e n t 
Days t o 










D a y s to 
m a t u r i t y 
Average 
water use 




W a t e r use 
e f f ic iency** 
A 85 7.4 477 2.090 H I 6.4 372 1.083 
В 80 6.1 431 4.081 i n 4.8 362 1.201 
С 72 5.7 393 4.914 106 4.1 335 1.233 
D 72 4.9 368 5.543 106 3.7 343 1.593 
* Consumptive use (transpiration ratio) = grammes of water used in the whole season 
per gramme dry matter produced (grain + aerial parts) 
** Water use efficiency = volume of water (in cubic meters) used to produce one kg of 
grain 
The influence of the irrigation treatments on the measured parameters of growth showed 
a trend of decreasing total dry matter (leaves, stems and ears) due to the combined effects of 
the irrigation interval and decreasing the quantity of water. Significant differences were detect -
ed between some of the growth parameters in the three harvests. However, the partitioning 
of dry matter into leaves, and stems in Harvest II and III was influenced by the extent of 
reproductive development, in terms of dry weight of ears, which may be accompanied by drying 
or senescence of older leaves. 
The yield of grain declined very sharply with decreasing total amount of irrigation water 
in the first experiment, but the decrease in the second experiment was more gradual. In b o t h 
experiments differences in yield were significant at 5 % as a minimum and differences up to 
the 0.1% level were also detected in both seasons. The irrigation treatments in the second ex-
periment resulted in markedly higher yields than in the first experiment, but the maturation 
period was longer and the total volume of water applied was bigger in the second experiment. 
On the other hand, the average water use per day, and consumptive use were higher in the 
first experiment, thus the efficiency of water use was also low (higher numerical values). This 
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Table 8 ( a ) 
Mean daily 'emperature (weekly average) and total weekly pan evaporation 
(class A pan) 
First e x p e r i m e n t 
(from 11 8 1971 to 
2 11 1971) 
Second e x p e r i m e n t 
(from 16 11 1971 to 
6 3 1972) 
W e e k s 
Mean da i l y 
t e m p e r a t u r e 
(weekly ave rage ) 
°C 
Total weekly 






T o t a l weekly 
p a n evaporat ion 
m m 
1 3 0 8 7 2 7 8 3 
2 2 9 8 2 2 8 7 5 
3 3 1 1 0 4 2 7 7 2 
4 3 2 1 0 8 2 6 7 5 
5 3 0 8 4 1 9 7 0 
6 3 0 8 6 17 6 2 
7 3 2 9 7 19 6 7 
8 3 2 1 0 2 2 2 7 0 
9 3 1 9 1 2 1 7 0 
1 0 3 1 9 5 2 3 6 7 
1 1 2 9 9 5 2 4 7 9 
1 2 2 9 1 0 2 19 7 3 
1 3 End of experimenl. 2 2 7 7 
1 4 2 3 8 6 
1 5 2 6 8 2 
1 6 2 8 1 0 6 
was due to the more favourable environmental conditions for growth during the second ex-
periment, namely warm days and cool night temperatures during November and early March, 
compared to the higher temperatures in the period August—October during which the first 
experiment was conducted. Although significant differences in the air dry weights of shoots 
(excluding grain) between the different treatments in the two growing seasons were detected, 
yet the magnitude of such differences was substantially smaller than the differences in the 
grain yield. This suggests that maize as green fodder can be produced successfully in both 
seasons in the Khartoum region. Leaf area index and grain yield in the second experiment 
compare favourably with experimental results for three hybrid varieties of maize grown in 
South-east England, with supplementary irrigation during tasselling and the early grain till 
period ( A D E L A N A — M I L B O L R N 1 9 7 2 ) . The date of grain harvest was different for plots having 
different irrigation regimes in both seasons; Treatment С and D in the second season werf 
ready to harvest only five days earlier than A and B. In the first experiment the differences 
in the maturation period were more pronounced, reaching 13 days between A and D: a similar 
response was shown for wheat ( E L N A D I 1 9 6 9 ) . 
Soil moisture determinations at the end of both experiments showed that moisture 
storage up to the depth of 90 cm was only 30 to 40 mm in the different treatments. Earlier 
determinations using the neutron soil moisture probe showed little or no changes in moisture 
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Table 8(b) 
Rainfall during the experimental period 
(N.B. The first experiment was carried out during the rainy season which ended 
before the beginning of the second experiment) 
Date 1971 Rainfall 
m m 
1 . 7 0 . 2 
2 . 7 0 . 9 
2 1 . 7 1 3 . 6 
2 7 . 7 2 4 . 9 
9 . 8 4 . 1 
1 1 . 8 3 . 6 
1 5 . 8 1 . 3 
1 8 . 8 0 . 1 
2 0 . 8 2 5 . 7 
1 0 . 9 1 2 . 4 
1 3 . 9 5 . 4 
1 7 . 9 1 1 . 6 
Total in season 1 0 3 . 8 
contents below 90 cm due to the limited infiltration of the heavy, montmorillonitic clay. There-
fore, ignoring the small amounts of moisture storage, practically all the applied water can be 
considered to be lost by évapotranspiration. The average amount of water used per day in 
both experiments declined steadily w ith decreasing the total quantity of irrigation in the season 
and this corresponded to a decrease in consumptive use in seven occasions out of eight. How-
ever, when the efficiency of water use was judged by the volume of water required to produce 
a unit weight of grain, the relationship was reversed and higher water inputs proved to be 
more efficient viz. the higher the water input the less was the water utilized to produce one kg 
of grain, and this was valid, without exception, in both seasons. These facts should lead to a 
revision of the interpretation of consumption use values, since it has often been wrongly accept-
ed that lower consumption use values indicated a measure of water economy, ignoring the 
economic yield. This is clearly illustrated by the fact that the grain development can be greatly 
retarded due to water deficiency even if the vegetative development was fairly good during 
the season. 
Table 6(b) emphasizes the extra benefits from light irrigations (at 40 mm) applied every 
five days. However, should this practice he criticized on the grounds that it requires extra 
attention by the grower and creates competition for water supply to other crops in the field, 
strong reasons still hold for a recommendation of irrigation every 10 days (at 55 mm) and the 
profitability of this practice is undeniable, even if the growers obtain only 50% of the experi-
mental yields. 
There is a great potential of maize under irrigation in Northern Sudan, especially when 
hybrid varieties are used commercially and the present work shows that the high yielding 
capacity of a locally selected variety when sown in the right time, can produce adequate yields 
compared with other maize producing countries ( C O M M O N W E A L T H S E C R E T A R I A T 1973). Taking 
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two neighbouring countries as an example, the national average yield in Kenya is 1.25 tons/ha 
and under favourable experimental conditions between 5 . 2 4 and 6 . 1 8 tons/ha ( A L L A N 1 9 7 1 ) .  
In the Egyptian Arab Republic the most recent national average under irrigation is 4.04 
t o n s / h a ( C O M M O N W E A L T H S E C R E T A R I A T 1 9 7 3 ) . 
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CONTRIBUTION OF SYMBIOSIS TO THE NITROGEN NEEDS OF SOYBEAN 
(GLYCINE MAX L. MERR.) 
Inoculated and uninoculated nodulating and non-nodulating isolines of "Clark" and 
"Harosoy" were raised at varying levels of N at the Crop Research Centre, Pantnagar. The 
isolines of Clark' were grown in three consecutive season; i.e. the monsoon season of 1970 
(Trial I) and the summer seasons of 1971 and 1972 (Trial II and Trial III), whereas those of 
'Harosoy' were grown only in the summer seasons of 1971 and 1972 (Trials II and III). There 
were 5 N levels in Trial I (0, 25, 50, 100 and 200 kg N/ha), whereas one more level, i.e. 300 kg 
were added in Trials II and III; modification in N levels being based on the results obtained 
in Trial I. Besides, 43.6 kg P as single superphosphate and 40 kg К as muriate of potash were 
uniformly mixed in the soil before sowing in all the trials. 
Nodulation studies were made at 35 and 65 days after planting. Five plants were sam-
pled on each date by removing a ball of the soil covering the major root mass. The roots were 
washed to recover the nodules which were separated from the root, counted and weighed after 
drying. 
For N uptake studies 5 plants were sampled at fortnightly intervals starting from 20 
days after planting up to 80 days. Thereafter, sampling was done only at harvest, irrespective 
of time taken for maturity under different treatments. The plants were separated into different 
plant parts viz. stem, leaves, petioles, flowers, pods, pod-husks and grains as per stage of growth 
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nodulatí.oq Clark nodulat inq Harasoy 
inoculated uninocutated inoculated uninoculated 
nitrogen levels (kg /he) 
Fig. 1. Number and dry weight of the nodules per plant at 35 and 65 days after sowing as affect-
ed by inoculation and nitrogen fertilization. Figure oil the curve indicates days after planting 
when study was made 
and oven-dried at 100 °C for dry matter accumulation studies. The different plant parts thus 
obtained, were analyzed for their total N content using a micro-kjeldahl method Total N 
accumulation per plant was determined by summing up the N accumulation in different 
plant parts. Nitrogen uptake per hectare was computed by multiplying total N accumulation 
per plant with final plant stand. 
The contribution of symbiosis was calculated by subtracting the N uptake of non-nodu-
lating isolines from that of nodulating isolines at harvest. This was computed both for inoculat-
ed and uninoculated conditions so as to find out the effect of N fertilization on symbiosis as 
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n i t r o g e n level ( k g / h a ) 
Fig. 2. Nitrogen up take (kg/ha) at various stages of growth as affected by nitrogen levels 
different trials 
a func t ion of introduced as well as local rhizobial population. Per cent contribution of symb 
sis was calculated by using the equation: 
% contribution = 1 " j (100, where Y, stands 
for N yield of nodulating isolines and Y., for N yield of non-nodulating isoliues. 
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Fig. 3. Contribution of symbiosis to total nitrogen uptake as affected by N levels 
Fertilizer N equivalent to symbiotically fixed N was calculated by using the following 
equation (WEBER 1 9 6 6 ) : 
... ,T . Symbioticallv f ixed N 
r ertihzer JN equivalent : ^— , 
where b stands for the increase in N uptake of non-nodulating isoline for every kg of applied N, 
the value of which was determined by regression analysis. 
Nodulation studies. Inoculated and uninoculated plants of Clark in Trials I and III and 
of Harosoy in Trial III showed similar degrees of nodulation, although there was a trend for 
nodulation to be slightly higher under inoculated conditions (Fig. 1). The latter was particularly 
true 35 days after sowing in Trial III. However, in Trial II, there was considerable difference 
between inoculated and uninoculated plants in the nodulation. At 35 days after sowing, the 
uninoculated plants had no nodulation, whereas the inoculated plants exhibited considerable 
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Table 1 
Nitrogen uptake contributed by symbiosis at harvest as affected by nitrogen levels 




Trial I Trial I I Trial I I I 
Clark 
0 182.6 (60.8) 147.2 (83.6) 182.8 (60.9) 
25 162.4 (53.9) 267.4 (83.1) 163.7 (55.3) 
50 131.8 (41.8) 216.2 (71.2) 176.2 (55.9) 
100 88.8 (28.8) 150.2 (54.0) 143.0 (46.4) 
200 54.5 (18.5) 59.1 (19.2) 102.7 (32.8) 
300 
— 
40.8 (12.0) 62.9 (20.9) 
Harosoy 
0 — 143.8 (64.4) 108.9 (57.7) 
25 
— 
153.4 (62.5) 136.9 (56.5) 
50 
— 
109.5 (46.6) 105.2 (38.8) 
100 
— 
47.4 (23.2) 80.7 (33.7) 
200 
— 
54.2 (18.0) 51.1 (21.6) 
300 
— 




Trial I Trial I I Tria H I 
Clark 
0 161.2 (57.8) —2.6 ( —5.7) 147.4 (55.6) 
25 139.4 (48.6) —10.4 (—23.8) 163.5 (55.3) 
50 128.2 (41.1) —22.9 (—35.6) 135.7 (49.3) 
100 86.6 (24.0) —66.0( —106.9) 135.2 (45.0) 
200 65.1 (21.3) —23.3 ( - 1 0 . 3 ) 23.2 ( 9.9) 
300 
— 
28.8 (21.8) 37.3 (13.3) 
Harosoy 
0 — 26.1 ( 24.7) 105.8 (56.4) 
25 
— 
26.9 ( 22.6) 110.3 (51.1) 
50 
— 
36.2 ( 22.4) 64.6 (30.7) 
100 
— 
30.0 ( 16.0) 42.9 (21.3) 
200 
— 
39.5 ( 21.2) 42.3 (18.6) 
300 
— 
9.1 ( 3.2) 41.6 (17.1) 
Bracketed figures are percentages 
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nodulation. At 65 days after sowing some nodulation was observed in an uninoculated condi-
tion. N fertilization caused reduction in nodulation (Fig. 1) as was also noted by several work-
ers ( L O K R A S — T I W A R I 1 9 7 0 , O B A T O N — R O L L I E R 1 9 7 0 , S I N G H 1 9 7 1 ) . The extent of reduction 
depended upon the level of N fertilization and stage of study. In Trial I, the reduction due to 
N application became conspicuous at 35 days and application of 100 kg N per ha resulted in 
decreased nodulation, the reduction being higher under uninoculated conditions. In other 
trials, the reduction in nodulation at 35 days after sowing due to N application was of ower 
magnitude. At 65 days after sowing, however, the magnitude of reduction became quite con-
spicuous and application of more than 25 kg N/ha showed a clear trend for decreased modulation 
and suppression was particularly striking at 200 kg N/ha or a higher level of N application. 
Per hectare N uptake. In Trial I, the N uptake increased conspicuously up to 80 days 
after planting (Fig. 2). Thereafter, in nodulating 'Clark' there was very little increase, whereas 
in non-nodulating, the N accumulation declined most probably due to leaf abscission. There 
was small increase in the N uptake due to N fertilization in nodulating 'Clark', whereas in 
non-nodulating 'Clark' every successive increment in N fertilization resulted in increased N 
uptake (Fig. 2). For example, N fertilization resulted in an increase of 26, 56, 87 per cent 
and 104 per cent in the N uptake of non-nodulating 'Clark' at, harvest over the control when 
supplied with 25, 50, 100 and 200 kg N/ha, respectively. Thus the uptake of non-nodulating 
'Clark' at harvest as a function of N supply could be described by the equation: Y — 137.6 + 
-j- 14.595 X, where У is the yield of N/kg/ha by non-nodulating 'Clark' for a given value 
of X . One X is equal to 25 kg N/ha. The correlation coefficient for this relationship was 0.925 
which was highly significant. 
In Trials II and III , per hectare N uptake increased till the last stage of study (Fig. 2). 
In Trial II, N uptake was not improved much in inoculated nodulating isolines of 'Clark' and 
'Harosoy' due to N fertilization. In uninoculated nodulating and non-nodulating isolines of 
'Clark', on the other hand, considerable increase was obtained due to N fertilization at most 
of the stages of growth. The non-nodulating 'Clark' showed an increased N uptake of 12, 85, 
185, 417 and 518 per cent over the control at harvest with the application of 25, 50, 100, 200 
and 300 kg kg N/ha, respectively whereas the corresponding values for non-nodulating 
'Harosoy' were 16, 59, 98, 211 and 251 qer cent. At this stage, equations showing N uptake 
as a function of N supply for non-nodulating 'Clark' and 'Harosoy' were: 
Non-nodulating 'Clark': Y — 42.8 + 22.417 X 
Non-nodulating 'Harosoy': У = 84.4 + 17.419 X 
The respective correlation coefficients were 0.990 and 0.985, which were highly significant. 
In Trial III, application of N did not affect N removal much in nodulating isolines N 
uptake per ha was increased considerably due to N application (Fig. 2). The uptake pattern 
in Trial III, therefore, differed from that in Trial II. Here uninoculated nodulating isolines 
behaved more like inoculated nodulating ones, rather than like non-nodulating ones. The 
percentage increases in N uptake at harvest over the control were 12, 19, 41, 79 and 107 per 
cent in non-nodulating "Clark" and 30, 104, 96, 127 and 147 per cent in non-nodulating "Haro-
soy" when they were given 25, 50, 100, 200 and 300 kg N/ha, respectively. The per hectare N 
uptake as a function of N supply was given by the following equations: 
Non-nodulating "Clark": У = 120.3 + 10.490 X 
Non-nodulating "Harosoy": У = 110.6 + 8.628 X 
The corresponding correlation coefficients were 0.996 and 0.856, respectively, both of which 
were highly significant. 
It is indicated that inoculated nodulating isolines did not respond to N fertilization in 
increasing the N uptake. In contrast, lion-nodulating isolines responded considerably to N 
fertilization. This occurred because the latter had no source of N except fertilizer N unlike 
the former which had symbiosis as another N source. The uninoculated nodulating isolines 
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behaved like inoculated nodulating isolines in Trials I and III and not in Trial II, the reason 
for this will be discussed later. 
Contribution of symbiosis and fertilizer N equivalent. The contribution of symbiosis to 
total N uptake was maximum at 'no nitrogen' and 25 kg N/ha (Fig. 3 and Table 1). The highest 
contribution ranged from 60 to 83 per cent (182 to 247 kg N/ha) in "Clark" and 57 to 64 per 
cent (108 to 143 kg N/ha) in "Harosoy" under inoculated conditions. When N was applied at 
the highest rate, the contribution of symbiosis was reduced to a range of 12 to 20 per cent 
(40 to 62 kg N/ha) in "Clark" and 8 to 18 per cent (—21 to 44 kg N/ha) in "Harosoy". This 
shows the antagonism between symbiosis and N supply through fertilizer as far as the N nu-
trition of soybean was concerned. Adverse effects of increased fertilizer N on the symbiotic N 
Table 2 
Fertilizer N equivalent (kg/ha) to symbiotically fixed N at harvest at 'no nitrogen' 
and 25 kg N per ha 
N Inoculated Uninoculated 
levels 
(kg/ha) Trial I Trial 11 Trial I I I T r i a l I Trial I I Trial I I I 
Clark 
0 313.2 275.8 436.2 276.5 351.7 
25 278.5 298.4 390.6 239.1 390.2 
Harosoy 






yield have been observed by several workers ( N E L S O N et al. 1962, W E B E R 1966, T R E P A C H E V et al. 
1967). T R E P A C H E V et al. (1967) reported as high as 90 to 95 per cent contribution of symbiosis 
to total N uptake which was reduced to 40 to 70 per cent when mineral N was applied. As 
against this, the maximum contribution in the present study was about 57 to 83 per cent. 
The difference might well be due to the difference in the native N status of the soils in these 
two cases. 
In the present investigation, the reduction in symbiotic N fixation due to increased N  
supply could he explained on the basis of the depression in nodulation due to N fertilization 
(Fig. 1). T A N N E R — A N D E R S O N (1963) suggested that the inhibition of nodulation causing re-
duced symbiosis might result from a nitrite-induced destruction of indolacetic acid or an ammo-
nia-induced inhibition of conversion of tryptophan to indolacetic acid. The contribution of 
symbiosis to total N uptake was almost comparable under both uninoculated and inoculated 
conditions in Trials I and III (Fig. 3). In Trial II. on the other hand, the contribution under 
uninoculated conditions was far less than that under inoculated conditions. In the previous 
case (Trials land III) , soybean was planted in the fields where inoculated soybean was grown 
in the past, whereas in the latter case (Trial II) no soybean was grown in the past. The local 
rhizobial flora, in the first case, would have, therefore, included Hhizobium japonicum : whereas 
in the latter case, it could at the most contain Rhizobia of the cowpea group. The presumption 
is supported by the data on the nodulation obtained under these two conditions (Fig. 1). Good 
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iiodulation was obtained in Trials I and III without inoculation, whereas in the case of Trial II, 
very poor noculation was obtained only at a very late stage of grow th. Therefore, for all prac-
tical purposes, uninoculated nodulating isolines in Trials I and III behaved like an inoculated 
crop, whereas in Trial II, they behaved like non-nodulating isolines. The fact, that naturalized 
Rhizobia from a previously inoculated crop of soybean were as affect ive in symbiosis as the 
directly incorporated Rhizobia, is of interest. However, this should not be used to recommend 
that yearly inoculation for soybean is not necessary. May be this type of persistence of Rhizo-
bium japonicum was possible on such Tarai* soils which may have high organic matter content 
and good drainage. On sandy soils or soils subjected to adverse physical conditions, the survival 
of Rhizobia from the previous inoculation may not be possible. 
Data on fertilizer N equivalent (Table 2) of sy mbiotically fixed N (Tabic 1) of nodulating 
isolines at 0 and 25 kg N per ha levels were computed because at higher levels of N application, 
the symbiotic N fixation was adversely affected. The need for relatively much higher amounts 
of fertilizer N for every unit of sy mbiotically obtained N is a reflection of the poor eff iciency 
of use of the former by the soybean plant. It can be attributed to various losses to which fertil-
izer N is subjected in the soil during the crop season. 
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AMINO ACID COMPOSITION OF OPAQUE-2 KERNELS F R O M DIFFERENT 
B A C K G R O U N D S 
The amino acid content of maize proteins varied within certain l imits according to geno-
type and the climatic conditions of cultivation ( B R E S S A N I — M E R T Z 1958, S A U R E B L I C H et al. 
1953, W O L F E — F O W D E N 1957, P I V A 1964, 1965). In general, there is an imbalance in the amino 
acid profile and maize protein is especially deficient in the essential amino acids, lysine and 
tryptophan. The total quantity of the proteins can vary according to genotype and two strains 
"high protein" and "low protein" have been obtained in the University of Illinois containing 
22.84 per cent and 4.45 per cent protein, respectively ( L E N G 1961; W O O D W O R T H et al. 1952). 
SHOWALTEB—CARR (1922) found that the proteins of the "high protein" strains contain more 
zein than those of the "low protein" strains. Zein however is deficient in the essential amino 
acids, lysine and tryptophan. (BAUDET et al. 1966, MossE et al. 1966). The incorporation of the 
"opaque-2" gene into normal lines brings about a sensible increase in the lysine level (MERTZ 
et al. 1964). With the opaque-2 gene the synthesis of zein, primarily present in the prolamin 
fraction of maize seed protein (alcohol soluble fraction), is partially blocked. This gives rise 
to an increase in the salt and alkaline soluble fractions (MOSSE et al. 1966) and therefore a 
percentual increase in lysine (MERTZ et al. 1964). This increase in lysine content is reflected 
in the higher nutritive value of o _ 2 maize as confirmed in experiments carried out on pigs, 
rats, poultry, children and adults ( M E R T Z et al. 1965, B E E S Ő N et al. 1966, P I C K E T T 1966, R O G L E R 
1 9 6 6 , B R E S S A N I 1 9 6 6 , CLARK 1 9 6 6 , P I V A et al. 1 9 6 7 , E K P E N Y O N G et al. 1 9 7 1 ) . I n t h e p r e s e n t 
study, an attempt is made to search for possible background effects on the expression of the 
biochemical phenotype of the opaque-2 gene resulting in differences in the percentage lysine 
content. 
Whole opaque kernels from 13 selfed hybrid lines Xo, S5 were obtained, milled and the 
flour used for chemical analysis. The separation and dosage of the amino acids was done with 
an automated Beckman-Unichrom (Beckman Instruments) analyzer as described by S P A C K -
MAN et al. (1958). The weights of the samples for amino acid analysis ranged between 70 and 
80 mg. Each sample was then hydrolyzed under nitrogen, with 5 ml 6N—HCL at 110 °C for 
22h. The filtered hydrolysate was dried in a rotary evaporator. Cystine and methonine were 
determined as cysteic acid and methonine sulphone respectively as described by M O O R E 
(1963). 
In the three tables that fol low are shown the results obtained for the amino acid content 
in whole opaque kernels, the average values in whome kernels and the correlation between some 
amino acids present in higher quantities in opaque kernels as compared to normal kernels. 
There was no duplicate analysis and thus the variability observed for each amino acid cannot, 
be analyzed statistically to show a possible background effect free of the experimental error. 
The most important single amino acid in the work of maize protein quality improvement 
is lysine. For this amino acid, there is a minimum value of 3.29 per cent and a maximum value 
of 4.26 per cent. The significance of these differences is indispensable to the utilization such of 
data as a selective criterion in breeding work. Lysine is known to he the first limiting amino 
acid in the maize kernel and is essential from the nutritive standpoint. An increase in its con-
tent by means of breeding would be of immense value to nutritionists. The relationship exist-
ing between the percentage contents of some amino acids could indirectly serve as a pointer 
to the background effect. The gene, opaque-2 ( N E L S O N 1 9 6 7 ) , induces in the endosperm a 
percentage increase in lysine, arginine, histidine, aspartic acid and glycine. This is due to a 
reduction in zein synthesis. If the experimental error is the only factor responsible for the 
observed variability, then there would not exist any correlations between these five amino 
acids. But, if on the other hand the different background effects influenced, more or less, the 
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* Percentage amino acids recovered from total protein hydrolized. Results ou this and successive table have been normalized to a 
recovery of 100% 
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Table 2 
Average amino acid content in whole kernels of o, maize (average of 13 F„ : g/100 g 
of protein) 
Aminoacids Average S t a n d a r d Error 
Lysine 3.80 0.08 
Histidine 2.99 0.06 
Ammonia 5.84 0.48 
Arginine 5.91 0.09 
Aspartic acid 8.98 0.20 
Threonine 3.61 0.03 
Serine 4.59 0.09 
Glutamis acid 17.97 0.29 
Proline 8.14 0.31 
Glycine 4.56 0.21 
Alanine 6.04 0.06 
Cystine 2.93 0.05 
Valine 4.56 0.21 
Methionine 1.97 0.06 
Isoleucine 2.80 0.10 
Leucine 8.61 0.29 
Tyrosine 2.72 0.08 
Phenylalanine 3.91 0.34 
Table 3 
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Lysine 0.64* 0.74* 0.45 0.10 0.55* 
Histidine 0.85* 0 . 0 0 0.22 0.59* 
Arginine — 0.39 0.21 0.67* 
Aspartic Acid — 0.33 0.42 
Glysine 0.31 
* Significant at P = 0.05 
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extent of the gene action, it would then be possible to obtain correlated values for the same 
amino acids. (Tables 1, 2). 
In Table 3 are shown the values for the correlations between some amino acids. These 
values were those found in a larger proportion when comparing opaque and normal kernels. 
The results of the comparison show that the values for the correlation coefficients are always 
positive. In some cases, these correlation coefficients are significant when the said amino acids 
are arranged in possible pairs. Correlation coefficients have also been calculated between the 
percentage content in lysine, arginine, histidine, aspartic acid, glycine and their sum total, 
apart from the amino acid considered. These coefficients too are positive and in some cases 
significant. From the above, it could be deduced that the experimental error has only contribut-
ed a very insignificant part towards the determination of the variability of the percentage con-
tents of each amino acid and that the differences observed could be due to the genotypic effect 
of the different lines. 
Acknowledgement 
This work was carried out at the Institute di Allevamento Yegetale, Bologna, Italy and 
the Faculty of Agriculture, Università Cattolica, Piacenza, Italy under the directorship of 
Prof. A. Bianchi. The author is grateful to the director for the opportunity to do this work and 
Dr. F. Salamini who supervised the work. 
* 
Prepared at the Department of Animal Science University of Ibadan, Ibadan 
T . E . E K P E N Y O N G 
REFERENCES 
BAUDET, J. —MOSSE, J . - LANDRY, J . MOUREAUX, T. (1966): Étude sur les protéines du Maïs 
I. Composition en acides amines des fractions azotées du grain. Ann. Physiol, veg., 8, 
3 2 1 - 3 2 9 . 
B R E S S A N I , R . — M E R T Z , E . T . ( 1 9 5 8 ) : Studies on corn proteins I V . Protein and amino acid 
content of different corn varieties. Cereal Cham.. 35, 227 — 235. 
BRESSANI, R. (1966): Protein quality of opaque-2 maize in children. Proc. High lysine conf., 
3 4 - 3 9 . 
B E E S O N , W . M. P I C K E L T , R . A . - M E R T Z , E . T . - C R O M W E L L , G. L . — N E L S O N , O . E . ( 1 9 6 6 ) : 
Nutritional value of high-lysine corn. Purdue Univ. Res. Prog. Report, 227, 1 -8 . 
C L A R K , H. E . ( 1 9 6 6 ) : Opaque-2 corn as A source of protein for adult human subjects. Proc. 
High lysine conf., 4 0 - 4 4 . 
E K P E N Y O N G , T . E . - K A L A N G O , I . O . — O Y E N U G A , V . A. ( 1 9 7 1 ) : Ricerche preliminari sulla 
risposta di pollastre indeposizione a razioni contenenti mais normale e mais "Opaque-2". 
Alim. Animale, 1, 65 — 68.  
L F . N G , E . R. ( 1 9 6 1 ) : Predicted and actual responses during long-term selection for chemical 
composition in maize. Euphytica, 10, 368—378.  
M E R T Z , E. T . — N E L S O N , L. S. — N E L S O N , O . E. ( 1 9 6 4 ) : Mutant gene that changes protein compo-
sition and increases lysine content of maize endosperm. Science, 145, 279 -280.  
M E R T Z , E. T . — V E R S O N . O . A. — B A T E S , L . S . - N E L S O N , O . E. ( 1 9 6 5 ) : Growth ol rats fed on 
opaque-2 maize. Science 148, 1741 — 1742. 
MOORE, S. (1963): On the determination of xystine as cysteic acid. U. Biol. Shef,.. 238, 235 — 
237. 
M O S S E , J. B A N D E T , J. — L A N D R Y , J. M A U R E A U X , T . (1966): Étude sur les protéines du maïs. 
II. Comparaison entre les compositions en acides amines et les proportions mutables des 
tractions protéiques de graino normaux et nutants. Ann. Physiol, veg. , 8, 331—344. 
Acla Agronomica Acadcm'ac Scientiarum Hungaricae 24. 1975 
• 4 4 2 VARIA 
NELSON, О. E. (1967): Un gene nutente che influenza la sintesi delle proteine dell'endosperma 
del mais. Maydica. 12, 81 — 96. 
PICKETT, R. A. (1966): Opaque-2 corn in swine nutrition. Proc. High lysine corn conf.. 19 — 22. 
PIVA, G. (1964): Variazione del contenuto in amino acidi délia granella di mais in relazione a 
differenti tipi e località. Maydica, 10, 110 — 120. 
PIVA, G. (1965): Sulle variazioni di ordine genetico e ambientale del tenore in amino acidi 
délia granella di mais. Maydica. 10, 51 — 62. 
PIVA, G. — SALAMIMI, F. —SANTI, E. (1967): Caratteristiche proteiche e valore alimentari del 
mais omozigote per L'allele "opaque-2" isolato da una popolazione italiana. Alimenta-
zione Animale, 11, 487 — 495. 
ROGLER, J. C. (1966): A comparison of opaque-2 and normal corn for the chick. Proc. High 
Lysine Conf., 23 — 25. 
S Ä U B E R L I C H , H. E . — W A N - Y U I N C H A N G — S A L M O N , W . D. ( 1 9 5 3 ) : The amino acid and protein 
content of corn as related to variety and nitrogen fertilization. J. Nutrition, 51, 2 4 1 — 2 5 0 . 
SHOWALTEK, M. F. —CARH, R. H. (1922): Characteristic proteins in high-and-low protein 
corn. J. Am. Cham. Soc., 44, 2019 — 2023. 
SPACEMAN, D. H. — STEIN, W. H. —MOOBE, S. (1958): Automatic recording apparatus for 
use in the chromatography of amino acids. Ana. Cham.. 30, 1190—1206. 
W O L F E . M. — F O W D E N , L . ( 1 9 5 7 ) : Composition of the protein of whole maize seeds. Cereal 
C h a m . , 34, 2 8 6 - 2 9 5 . 
W O O D W O B T H , С. M. — L E N G , E. R. — J U G E N H E I M E R , R. W. (1952): Fifty generations of selection 
for protein and oil in corn. Agron. Journ., 44, 60 — 65. 
PRELIMINARY STUDIES ON THE VARIABILITY AMONG SCLEROTIUM 
CEPIVORUM B E R K . ISOLATES IN T H E I R TOXIN(S) PRODUCTION A N D 
PATHOGENICITY 
White rot of onion causes severe losses in upper Egypt (EL-HELALY—EL-AROSI 1964  
N A T T R A S S 1 9 3 1 and R A G A B el al. 1 9 6 5 ) . Variability within Sclerotium cepivorum, the incitant 
of this disease and the existence of isolates has been demonstrated by ( W A L K E R 1 9 2 4 , T I M S 
1 9 4 8 , N A T T R A S S 1 9 3 1 , and S H A T L A — R U S H D I 1 9 6 9 ) . Numerous reports in the literature de-
monstrate the relation between toxid substances produced by plant pathogens and their patho-
genicity. B R A N D S ( 1 9 1 9 ) showed that Fusarium cubense, produced a toxic substance capable 
of inducing the wilt of wheat plants, bean seedlings and banana leaves. BOOSALIS ( 1 9 4 7 ) report-
ed that staling products of Rhizoctonia solani reduced the germination of soybean seeds, and 
inhibited secondary root development. P O U N D — S T A H M A N N ( 1 9 5 1 ) indicated that Alternaria 
solani produced metabolic substances which induce chlorosis and necrosis in tomato plants. 
L U K E — W H E E L E R ( 1 9 5 5 ) showed that a toxic agent produced by Helminthosporium victoriae 
reduced the root growth of oat seedlings. Sclerotium cepivorum toxin(s) and their role in patho-
genicity have not been investigated. This paper reports on the variability among isolates of 
S. cepivorum in toxin production, and the relation between toxin activity and pathogenicity. 
Seven isolates of S. cepivorum were isolated from diseased onion plants from the follow-
ing locations in upper Egypt: 1, Assiut; 2, Samalot: 3, Shendaweel; 4, Matay; 5, El-Menia; 6, 
Benisweif; and 7, El-Dawia. The isolates were maintained in pure cultures on a potato-sucrose-
agar (PSA) medium. Pathogenicity tests were made by transplanting 60-day-old seedlings 
of "Giza—6" onion variety into clay pots containing soil non-infested (control) or infested with 
the test organism. Five seedlings were transplanted in each of f ive pots per isolate. The soil 
was infested by placing about 1 g inoculum in contact with the bulb and roots of each seedling 
at transplanting. The inoculum of each isolate was prepared in a bran onion-sand medium 
(BOS) (50 g wheat bran, 200 g sliced onion, 950 g washed sand plus 1000 ml distilled water), 
incubated at 20 °C for 21 days before use. After 60 days front transplanting, the plants were 
uprooted and graded (Fig. 1): 0 = healthy plants; 25 = slightly susceptible (yellowing of 
leaves, reduced root system): 50 = moderately susceptible (yellowing and die-back of leaves, 
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formation of small bulbs, root system badly decayed); 75 = highly susceptible (complete 
yellowing of the plant, die-back of leaves, formation of small bulbs, semi-watery soft rot of 
scales and roots); 100 = very highly susceptible (complete death of the plant, extens ive 
decayed bulbs and roots). The roots and bulbs of all but healthy plants were covered with 
mycelium and sclerotia. The disease index for each isolate was determined. 
The effect of type of media, age of culture, and temperature on the toxin production, 
of Assiut isolate (the most virulent isolate) were studied by growing the isolate on 100 ml por-
tions of Czapek's medium with 0.2 per cent yeast extract, and potato sucrose broth at 20 °C 
for 14 and 30 days. Toxin heat stability was tested by sterilizing the culture filtrates either 
by autoclaving at 15 lbsin. for 20 min, or by Seitz filter. Controls from uninoculated media 
and distilled water were used. Toxin production was assayed by determining their effect 
on onion seed germination and seedling dry weight. For this test f ive flasks, each containing 
У А з Я 
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Fig. 1. Disease index. 0 = healthy plants; 1 = slightly susceptible; 2 = moderately suscep-
tible; 3 = highly susceptible; 4 very highly susceptible 
a thin layer of cotton wetted with 20 ml of sterilized filtrate, were seeded with 50 surface steril-
ized seeds, then incubated at 20 °C for 21 days. After this period, the percentage of seed germina-
tion, and the dry weight of 10 onion seedlings (selected at random) per flask were recorded. 
The effect of temperature on toxin production was studied by growing Assiut isolate on 
Czapek's solution containing 0.2 per cent yeast extract at 15, 20 and 25 °C for 14 days. Variabil-
ity among isolates in their toxin production was determined by growing the isolates on the 
previous medium at 20 °C for the same period. In all tests the culture filtrate was obtained and 
assayed as described before. The data were analyzed statistically using the analysis of variance, 
and the means were compared according to the Duncan multiple range test. 
Sclerotium cepivorum isolates varied in their pathogenicity from highly to slightly patho-
genic on Giza 6 onion variety. The mean disease indices for isolates were 1 = 95.0, 2 = 73.0,  
3 = 70.0, 4 = 83.0, 5 = 32.0, 6 = 70.0, 7 = 88.0. Isolates 1, 4, 7 were highly pathogenic, 
Isolates 2, 3, 6 were moderately pathogenic, while Isolate 5 was slightly pathogenic. Differences 
among isolates in their pathogenicity agreed with the finding of N A T T R A S S ( 1 9 3 1 ) , TlMS ( 1 9 4 8 )  
and W A L K E R ( 1 9 2 4 ) . The effect of media, autoclaving, and age of culture on toxin produc-
10* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
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Table 1 
Effect of media, autoclaving and age of culture on toxin production by Isolate 1 
Percentage of Dry Aveight of t en 
Treatments Age o f cul ture onion seed seedlings (21 days 
ge rmina t ion old) in m g 
Free sterilized, distilled water (Control 1) 78.50 e* 56.30 g 
77.75 e 57.60 g 
Autoclaved, inoculated Czapek's filtrate 14-days 37.50 ab 17.80 f 
30-days 36.00 a 15.70 f 
Inoculated Czapek's filtrate sterilized with 14-days 41.00 ab 18.60 f 
Seitz filter 30-days 39.00 ab 13.60 f 
Czapek's medium without inoculation 14-days 71.50 cde 47.90 g 
(Control 2) 30-days 72.25 de 49.40 g 
PSA medium without inoculation 14-days 72.00 de 47.20 g 
(Control 3) 30-days 72.00 de 48.10 g 
Autoclaved inoculated PSA filtrate 14-days 50.50 be 22.70 f 
30-days 49.25 b 20.30 f 
Inoculated P S A filtrate sterilized with 14-days 54.50 bed 25.70 f 
Seitz filter 30-days 52.25 bed 19.70 f 
* Means with the same letters are not significantly different 
Table 2 
Effect of temperature on toxin production by S. cepivorum Isolate I 
E x a m i n e d mater ia l 
Temperatures 
15 °C 20 °C 25 °C 
Autoc laved 
f i l t r a t e Control 
Autoclaved j 
f i l trate Con t ro l 
Autoclaved 
fi l trate Control 
Percentage of onion seed 
germination 36.00 a* 72.29 b 36.20 a 70.00 b 48.80 70.00 1) 
Dry weight of ten seedlings 
(21-days old) in mg 15.70 с 50.90 d 14.50 с 50.90 d 22.80 50.90 d 
* Means with the same letters are not significantly different 
tion are presented in Table 1. The data indicate t h a t the composition of the tested media and 
the time of incubation had no effect on toxin production which agrees with W E I L M A N N ' S 
( 1 9 4 3 ) results o n Fusarium sp. but not with D I M O N D ' S ( 1 9 4 7 ) observation on Graphium ulmi. 
Toxin(s) produced by S. cepivorum proved to he heat stable. 
The opt imum temperature for toxin (s) production was 15—20 °C (Table 2). 
The variability among isolates in toxin (s) production is presented in Table 3. Isolate 
filtrates only varied in their tox in (s) production when assayed on the reduction of onion seed 
germination. The culture filtrate from Isolate 5 was weakly toxic, from Isolates 2, 3 were highly 
toxic, while those from Isolates 1, 4, 6, 7 were moderately toxic. The compared data of toxin 
production and pathogenicity indicate that no obvious correlation was found between them. 
* 
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EFFECT OF SUBMERGENCE ON T H E PHYSICO-CHEMICAL AND CHEMICAL 
CHANGES IN D I F F E R E N T RICE SOILS I. KINETICS OF pH, Eh, С A N D N 
Continuous submergence of the soil as obtained under rice growing conditions, sets in 
motion, a series of physical, physico-chemical, chemical and microbiological changes which 
are quite different from those of aerated soils growing other cereals like wheat, maize, etc. 
Information has been reported from different rice growing countries of the world, on the nature 
and magnitude of these changes under respective conditions. Very little attempt has, however, 
been made to quantify these changes for the purpose of prediction. A N O N Y M O U S (1964) has 
reported equations relating to the transformation of nutrients with initial edaphic factors. 
Attempts were made in a series of experiments conducted by the authors to quantify some 
physico-chemical and chemical changes as a function of time in terms of prediction equations 
and evaluate various inter-relationships of these transformations. 
Laboratory incubation experiments were conducted with 20 surface soil samples of 
representative rice growing tracts of the country, to study the changes in pH. Eh. C, N, P and 
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cations like К, Ca, Mg, Fe and Mn as a function of the time of submergence. The characteris-
tics of the soils used in these investigations have been reported in detail by M O H A N T Y ei al. 
(1974). Some of the important characters of these soils are given in Table 1. 
F i f ty gram lots of 2 mm air-dried samples, contained in 250 ml conical flasks, were sub-
merged with 50 ml distilled water and incubated in dark at 3 0 ° + 2 °C. Duplicate sample flasks 
from each soil were drawn at the start of the experiment and at intervals of 10, 20, 30, 50 and 
Table 1 








1. Bhubaneswar (Orissa) Laterite 4.7 20.7 0.5 0.06 8.5 
2. Sukinda (Orissa) Laterite 5.6 37.9 0.4 0.08 12.2 
3. Pattambi (Kerala) Laterite 5.2 33.7 2.0 0.22 18.2 
4. Nagenahalli (Mysore) Laterite 6.4 28.2 1.4 0.13 28.2 
5. Berhampur (Orissa) Bed loam 5.0 36.6 0.6 0.07 11.5 
6. Chakuli (Orissa) Red loam 6.9 29.2 1.0 0.05 22.3 
7. Parmanpur (Orissa) Red loam 5.9 21.6 0.7 0.02 11.1 
8. Gamharipalli (Orissa) Red loam 6.2 16.4 1.5 0.05 19.4 
9. Chiplina (Orissa) Red loam 6.0 25.6 1.4 0.06 18.6 
10. Bargarh (Orissa) Red loam 5.9 24.8 1.0 0.05 24.4 
11. Barpali (Orissa) Red loam 5.7 24.9 1.1 0.04 21.1 
12. Cuttack (Orissa) Alluvial 5.3 35.6 0.5 0.06 21.1 
13. Sakshigopal (Orissa) Alluvial 5.3 49.3 0.8 0.10 28.2 
14. Kujang (Orissa) Alluvial 6.2 30.9 0.6 0.06 32.8 
15. Kendrapara (Orissa) Alluvial 5.1 51.9 0.6 0.06 40.3 
16. Bolangir (Orissa) Black 7.9 57.1 1.0 0.12 49.2 
17. Arkabahali (rissa) Black 6.6 44.3 1.8 0.05 63.9 
18. Palur (Tamil Nadu) Black 7.8 28.9 0.5 0.06 36.9 
19. Nellore (Andhra Pradesh) Black 8.5 29.1 0.6 0.07 37.1 
20. Keshpur (Orissa) Coastal 
Saline 
6.7 44.8 0.3 0.04 42.2 
70 days of submergence, extracted with N NaCl and the extracts were analyzed for oxidizable 
organic matter (RODRIGO 1961), N H , — N by steam distillation in the presence of NaOH. 
For determining the change in pH and Eh, 50 g lots of soil were taken in 100 ml beakers, 
submerged with 50 ml distilled water and incubated. At specified intervals, the pH was de-
termined with a glass electrode and a redox potential with a bright Pt electrode in a Beckman 
Model H2 pH meter. From the observed pH and Eh values expressed in volts, the Eh 6 values 
were calculated using the equation (AOMINE 1962). 
Eh6 = Eh — 0.06 (6 — pH) 
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Table 2 
Equations for change in pH and Eh with period of submergence in different soils 
Soi l 




У = a + bt + ct
2 6.99 —0.17 0.02 63.95 
17 -do- 6.89 —0.18 0.02 90.14 
20 -do- 6.67 —0.05 —0.05 90.06 
16 
У = a + b In (t + I) + с [In (t + l)Y 7.88 - 1 . 2 2 0.23 92.52 
18 -do- 7.81 —1.41 0.53 95.01 
19 -do- 8.45 —1.70 0.66 74.49 
1 In у = a + b In (t + 0 + c[ln (' + l)Y 1.76 0.52 —0.26 90.89 
2 -do- 1.90 0.10 —0.07 75.85 
3 -do- 1.83 0.34 —0.33 93.53 
4 -do- 2.0 0.13 —0.05 95.12 
5 -do- 1.81 0.30 —0.15 77.65 
7 -do- 1.95 0.06 —0.08 88.96 
8 -do- 1.99 0.14 —0.08 85.07 
9 -do- 1.96 0.16 0.06 78.39 
10 -do- 1.94 0.10 —0.07 79.04 
11 -do- 1.92 0.19 —0.09 72.46 
12 -do- 1.89 0.06 —0.04 72.65 
13 -do- 1.85 0.27 —0.15 93.71 
14 -do- 1.99 0.15 —0.07 79.25 
15 -do- 1.81 0.03 —0.05 90.51 
Soi l 





a + bt + ct2 221.02 —169.41 23.48 53.07 
1 
У = 
a b In (t + 1) + с [In (t + i)Y 208.39 —459.38 263.52 66.05 
.2 -do- 190.83 —175.27 112.66 73.96 
3 -do- 233.96 686.80 274.67 90.40 
4 -do- 186.56 —785.72 327.25 96.00 
5 -do- 233.04 —284.41 114.46 23.84 
6 -do- 177.53 —481.83 249.44 75.47 
7 -do- 237.60 —400.72 196.97 91.91 
8 -do- 155.73 —378.12 205.57 63.12 
9 -do- 202.32 —438.49 215.91 81.18 
10 -do- 200.62 —251.43 146.15 83.27 
11 -do- 206.33 —251.43 146.15 67.31 
12 -do- 244.76 —160.41 83.18 50.71 
13 -do- 198.23 —396.41 222.76 63.74 
15 -do- 198.58 - 66.11 75.30 87.40 
16 -do- 145.54 —359.54 188.95 87.32 
17 -do- 196.27 —334.02 172.58 70.04 
18 -do- 175.35 —640.89 300.72 97.20 
19 -do- 153.44 —751.72 340.02 96.75 
20 -do- 209.40 —208.49 109.57 65.13 
The data were processed in an I B M 1620 computer to fit the kinetics in linear, quadratic. 
logarithmic and exponential functions. 
Of the four functions fitted for each parameter, the one with the highest R2 value has 
been selected and summary tables on these prediction equations have been presented, giving 
their nature, 'a', 'b', 'c' and R2 values where 'Y' is the value of the parameter studied at the 
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Table 3 
Equations for change in oxidizable organic matter and available NHt—N in the 
NaCl extract with period of submergence in different soils 
Oxidizable organic matter 
Soil 
No. E q u a t i o n s best f i t ted ' a ' ' b ' ' c ' R« % 
2 
У 
= a + bt + ct2 0.27 —0.05 0.003 94.31 
3 -do- 7.62 1.43 —0.34 98.57 
4 -do- 6.71 —0.39 —0.05 91.80 
7 -do- 0.22 0.02 —0.004 23.69 
10 -do- 0.80 —0.15 0.04 70.89 
14 -do- 1.31 —0.45 0.05 98.75 
16 -do- 0.21 0.12 —0.01 32.50 
17 -do- 0.13 0.13 —0.02 45.75 
19 -do- 3.02 —1.05 0.10 98.23 
1 In y = a + b In (t + Í) + r[ln(t f D Y 0.32 1.45 —0.71 79.44 
5 -do- 0.26 0.47 —0.18 60.88 
6 -do- 0.20 0.61 —0.20 84.77 
8 -do- 0.34 0.22 —0.12 34.22 
9 -do- 0.36 1.32 —0.48 85.53 
11 -do- 0.41 1.04 —0.36 80.39 
12 -do- 0.10 0.21 —0.11 65.77 
13 -do- 0.15 0.69 —0.31 89.32 
15 -do- 0.19 0.24 —0.15 32.76 
18 -do- 1.52 —1.36 0.44 96.14 
20 -do- 1.65 —2.15 0.72 94.63 
Avai lab le N H . - N 
E q u a t i o n best f i t ted ' a ' ' b ' H' % 
3 
У 
= a + bt + ct'1 93.13 18.92 —4.93 98.72 
4 -do- 82.59 - 4.87 —0.65 91.92 
6 -do- 37.25 —10.87 0.89 82.76 
10 -do- 75.40 —22.37 1.84 95.55 
14 -do- 16.47 — 5.66 0.58 99.18 
19 -do- 36.90 —12.87 1.18 98.06 
2 
У 
= a + b In (t + l) + с [In (t + W 3.81 - 0.71 —0.02 63.29 
15 -do- 13.48 17.68 —10.59 90.73 
17 -do- 23.25 —17.46 4.30 98.22 
1 In y = a + b In (t + I) + с [In <t + i)Y 1.71 1.28 —0.78 89.08 
5 -do- 1.55 0.70 —0.39 52.90 
7 -do- 3.16 1.52 —1.05 81.78 
8 -do- 4.30 0.20 —0.59 91.19 
9 -do- 3.66 0.62 —0.62 85.78 
11 -do- 4.04 0.03 —0.47 87.48 
12 -do- 1.78 0.71 —0.40 87.22 
13 -do- 3.31 0.99 —0.85 98.32 
16 -do- 3.47 —1.07 0.08 99.44 
18 -do- 3.80 —2.02 0.62 96.78 
20 -do- 3.99 —3.78 1.20 96.18 
time of submergence o f ' t ' days, 'a' is a constant and 'b' and 'c' are the regression coefficients. 
For details on soil numbers, please refer to Table 1. 
Changes in soil pH. Fourteen of the 20 soils showed the exponential pattern of pH change 
(Table 2). There was a general tendency of p H to increase during the first 10 days of submer-
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gence after which there was a decrease to values even sometimes lower than the initial pH. The 
change in pH was more pronounced in the laterite and red loam soils. In general, these soils 
were slightly to moderately acidic, low to medium in exchangeable Ca and Mg and high in 
organic C. 
The pH of soils 16, 18 and 19, which showed a logarithmic function, decreased rapidly 
during the first 10 days and then slowly during the next 60 days. Soils had initial pH of 7.8 
to 8.5 and were medium in exchangeable Ca and Mg. Three neutral soils (pH 6.7 to 6.9) followed 
the quadratic type of change where the pH remained more or less stationary during the first 
20 days and then slightly decreased. 
Change of pH was found to be positively correlated with the initial soil pH, exchange-
able Ca and change in exchangeable Mg and negatively correlated with the dynamics of Eh 
and water soluble P. 
Change in redox potential. All soils except No. 14 showed logarithmic change in the redox 
potential (expressed as rav) as a function of time of submergence (Table 2). In soils with high 
organic С and total N, there was a rapid decrease in the Eh to negative values during the first 
20 days of submergence after which there was a slight increase whereas those with low to mod-
erate organic С also showed rapid decrease during the first 20 days, but in these soils, negative 
E h values were not obtained. After 20 days, there was again a rise in Eh. The change in Eli 
was found to be negatively correlated wi th the initial soil pH, the change in pH due to submer-
gence and the amount of readily oxidizable organic matter. 
Change in oxidizable organic matter. The change in oxidizable organic matter in the NaCl 
extract (expressed as ml of 0.05 N K M n 0 4 ) was quadratic or exponential (Table 3). In most 
situations, there was ail increase in this parameter during the first 20 days of submergence 
fol lowed by a decrease. The transformations of oxidizable organic matter were found to be 
posit ively correlated with total N, organic С and the change in NH 4 —N and negatively cor-
related with the change in redox potential as a function of time of submergence. 
Change in available ammonium nitrogen. Six of the 20 soils studied showed quadratic 
change in the available N H , — N (Table 3) expressed as ppm. In these soils, there was an in-
crease in NH I—N during the first 20 days after which there was a sharp decline. These soils 
were rich in C, N and had low clay content and cation exchange capacity. Three soils with 
low C, N and high clay and cation exchange capacity showed logarithmic change in the avail-
able N H j — N where the values of N H 4 — N were high during the first 10 days after which there 
was a gradual decline. The rest of the soils exhibited an exponential change in available N 
where the increase was sharp during the first 30 days after which there was no further change. 
These soils had medium C, N, clay and cation exchange capacity. The dynamics of available 
was found to be positively correlated with total N, С and the change in oxidizable organic mat-
ter wi th time. 
The results presented show the changes in pH, Eh, С and N in different soil types as 
influenced by the periodic of submergence. The increase in pH in acid soils was due to the ac-
cumulation of ammonia and the change in the ferrous—ferric equilibrium (PATRICK 1964, PON-
N A M P E R U M A et al. 1966) whereas the decrease in pH in soils with initial pH of 7.8 to 8.5 migh 
be attributed to the pCO., through the Na,C0 3 H.,0 - C 0 2 and the CaCO.,—H20—C02 
sys tems (PONNAMPERUMA et al. 1966) and to the removal of Na 2 C0 3 by C a + + and M g + + (RO-
M A N O F F 1945). The decrease in pH after reaching a peak in the acid soils has been explained 
by R O D R I G O (1962) to be due to diminishing concentrations of N H + , F e + + and M n + + with 
lapse of time. 
The changes in N H , — N , oxidizable organic matter and redox potential appeared to 
be very much inter-related. The increase in N H , — N with the period of submergence was due 
to mineralization and so the magnitude available was dependent on the total С and N. Higher 
content of organic matter resulted in a sharp decrease in the redox potential, to negative values 
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in many situations. These corroborate the earlier reports ( A N O N Y M O U S 1 9 6 3 . R O D R I G O 1 9 6 2 ,  
1 9 6 7 ) . At later periods of submergence, there was decrease in the amount of NH,—N which 
might be due to microbial assimilation and denitrification. 
These changes have been quantified in terms of various equations for the individual 
soils. Based on the patterns obtained, the following generalizations may be made for predicting 
the changes. 
P H : 
Y = a -f bt + ct2 
Y = a + 6 ln(t + 1) + c[ln(i + l)]2 
In Y - a + b ln(i + 1) + c[ln(i + l)]2 
Eh (mv): 
Y a + b ln(i + 1) + c[ln(i + l)]2 
N H 4 - N (ppm): 
Y = a + 6« + ct2 
Y = a + b ln(t + 1) + c[ln(i + l)]2 





soils with high C, N; medium 
clay, CEC 
soils with low C, N; high clay, CEC 
soils with medium C, N clay, CEC 
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PHYSIOLOGICAL STUDIES ON SALT TOLERANCE IN PISUM SATIVUM (L.) 
III. Growth and maturation 
Salt stress in the soil is experienced by most of the crop plants as saline soils are widely 
distributed in the arable lands of India. It is, therefore, apparent that enhancement in the 
capacity of plants to resist the presence of large amounts of salts in their rhizosphere will 
certainly be of immense importance. In this respect considerable interest has been aroused 
in the growth modifying responses of gibberellins and growth retarding chemicals. It has been 
observed that besides altering growth, without injurious effects, growth regulators also help 
plants in tolerating conditions such as salinity stress ( M A R T H — F R A N K 1 9 6 1 , M I Y A M O T O 1 9 6 3 ,  
E L D A M A T Y et al. 1 9 6 4 , S A R I N — U P R E T Y 1 9 6 5 a n d N I E M A N - B E R N S T E I N 1 9 5 9 ) . I n t h e p r e s e n t 
investigation, therefore, an attempt was made to analyze the interactive effect of soil salinity 
and growth regulators (gibberellic acid and phosphon-D) on the growth and development of pea 
plants. 
Two varieties of Pisum sativum (L.), i.e. 'Rimpus' and ' Fares' were grown in earthenware 
pots lined with impervious alkathene sheets (to prevent leaching of salts). Two series of these 
pots were maintained one with unsalinized soil (electrical conductivity (E. C.)of the soil sat-
uration extract was 3.5 mmhos/cm at 25 °C) and another with artificially salinized soil (E. C. 
of soil saturation extract was 8.5 mmhos/cm at 25 °C). The salinization of the soil was carried 
out by adding an equal proportion of sodium chloride and calcium chloride as reported in an 
earlier communication. In the salinized soil series four groups of 25 pots were maintained for 
the following treatments: (i) Plants sprayed with 10 ml of 1.3 X 10 M phosphon-D solution 
per plant, (ii) Plants sprayed with 10 ml of 1.4 X 1 0 - 1 M gibberellic acid solution per plant, (iii) 
Plants sprayed with 5 ml of each of these two chemicals (same concentration) per pla nt, (IV) 
Unsprayed plants. Plants grown in unsalinized soil were not sprayed. Various concentrations 
of these growth regulators were tested and it was found that with the aforesaid doses, these 
chemicals showed their maximum effect on growth without any injurious influence (UPRETY 
1971). The spraying commenced 15 days after sowing to coincide with the salinization of the 
soil. In case of combined spray the plants were treated first with phosphon-D and after 4 hours 
with the gibberellic acid solution. In all four groups fortnightly sprays were given in each 
treatment combination. 
Observations on the height of plants, number of leaves and dry weight of plant parts 
were recorded periodically at an interval of 15 days from 20 to 80 days after sowing and the 
absolute rate of elongation (cm/day), coefficient of velocity of leaf production (leaf/plant/day) 
and relative growth rate (g dry matter/plant/day) of the individual plant parts were calculated 
similarly as reported by S A R I N — U P R E T Y ( 1 9 6 5 ) . Final plant height, leaf and branch number 
were also tabulated for reference. In order to understand the distribution of dry matter in the 
various plant parts, the dry weight of roots, stem and leaves as a percentage of the dry weight 
of the whole plant (root + stem -f- leaves) was calculated. 
Observations on the following flowering characters were also recorded. 
Days to flowering were calculated from the sowing time to the first visual appearance 
of the flower. The number of flower buds, flowers and fruits were periodically counted and their 
total number per plant were calculated. The percentage fertility of flowers was determined 
on the basis of the number of flowers which formed fruits. Days to maturation of fruits were 
calculated from flowering upto the harvest of the fruits. Fruit size was measured by the length. 
Other data recorded were total number of seeds per plant, size of seeds (diameter of seeds — 
measured with screwguage), hundred seed weight and seed yield per plant. 
All the growth, flowering and yield data were analyzed statistically following the anal-
ysis of variance method. The experiment was repeated three t imes with similar results and 
therefore, only the data of one replication are presented for the sake of brevity. 
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Vegetative growth 
(i) Soil salinity significantly decreased the height of plants and absolute rate of elonga-
tion in both the varieties. The reduction was more in var.'Rimpus'. Treatment with gibberellic 
acid (GA3) as well as a combined spray of GA3 and phosphon-D ameliorated the adverse effect 
of soil salinity on the elongation growth. This response was more marked in var. 'Vares'. Appli-
cation of phosphon-I) did not significantly alter the elongation of the plant (Table 1 (i) 
and (ii)). 
(ii) Soil saiinization affected the leaf production adversely and this effect was more 
pronounced in var. 'Vares'. It was observed that the application of phosphon-D considerably 
increased the production of leaves in plants grown under salinized conditions. Other growth 
Table 1 














p h o n - D 
sprayed 





G A 3 + 
phos -
p h o n - D 
s p r a y e d 





(i) Final height of 
plant (CM) Rimpus 53.5 38.2 32.5 50.8 46.5 6.7 
(80 Days after sowing Vares 17.8 15.2 14.0 40.0 33.7 2.3 
(ii) Absolute rate of 
elongation Rimpus 0.674 0.488 0.403 0.696 0.562 0.121 
(CM/plant/day) Vares 0.202 0.178 0.167 0.497 0.420 0.099 
(iii) Total number of 
leaves (per plant) Rimpus 17.7 13.0 17.7 12.4 13.8 2.71 
(At 80 days after 
sowing) Vares 41.2 29.4 38.0 24.9 22.4 7.62 
(IV) Coefficent of 
velocity of leaf Rimpus 0.217 0.165 0.232 0.154 0.175 0.018 
leaf production 
(leaf/plant/day) Vares 0.538 0.370 0.484 0.312 0.278 0.110 
(V) Total number of 
branches Rimpus 2.6 1.8 3.4 1.8 2.2 N.S. 
(at 80 days after 
sowing) Vares 5.4 4.4 6.0 2.8 4.2 N.S. 
(VI) Relative growth 
rate Rimpus 0.0376 0.0251 0.0358 0.0197 0.0296 0.0046 
(g. dry weight/plant/ 
day) 
(A) Leaf Vares 0.0394 0.0309 0.0395 0.0315 0.0294 0.0035 
Rimpus 0.0200 0.0112 0.0140 0.0169 0.0120 0.0027 
(B) Stem Vares 0.0176 0.0145 0.0149 0.0198 0.0132 0.0030 
Rimpus 0.0048 0.0103 0.0106 0.0105 0.0101 0.0031 
(C) Root Vares 0.0053 0.0110 0.0105 0.0103 0.0099 0.0027 
Rimpus 0.0624 0.0466 0.0604 0.0471 0.0517 0.0038 
(D) Total plant Vares 0.0623 0.0564 0.0649 0.0628 0.0505 0.0047 
N. S. Non significant 
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(VII) Percentage distribution of dry matter in plant vars. rimpus vares 
(Values in parentheses are those of var. vares) 
Soil t ype T r e a t m e n t s 
Plant 
parts 
D a y s af ter sowing 
20 35 50 65 80 
leaf 54 46 55 61 62 
(60) (45) (56) (64) (63) 
Unsalinized Unsprayed stem 17 35 33 31 31 
soil plant (16) (38) (29) (28) (27) 
root 29 19 12 8 7 
(24) (17) (15) ( 8 ) (10) 
leaf 40 40 41 55 56 
Unsprayed (45) (41) (42) (56) (59) 
plant stem 10 17 25 21 24 
( 8 ) (21) (27) (24) (25) 
root 50 43 34 24 20 
(47) (38) (31) (20) (16) 
leaf 54 49 47 63 64 
Saliui/.ed soil Phosphon-D (48) (41) (50) (60) (61) 
sprayed stem 14 23 22 21 22 
plant (10) (27) (26) (25) (28) 
root 32 28 31 16 14 
(42) (32) (24) (15) (И) 
leaf 25 27 27 42 47 
GA3 sprayed (39) (30) (31) (44) (45) 
plant stem 25 36 36 37 35 
(20) (38) (38) (37) (39) 
root 50 37 37 21 18 
(41) (32) (31) (19) (16) 
leaf 35 41 50 59 62 
GA3 -j- phosphon- (42) (37) (41) (50) (57) 
D sprayed stem 15 23 21 22 23 
plant ( 8 ) (25) (26) (28) (27) 
root 50 36 29 19 15 
(50) (38) (33) (22) (16) 
regulator treatments, however, did not appreciably influence the leaf production (Table 1 
(iii) and (IV)). 
(iii) There was no significant influence of either soil salinity or growth regulators on the 
number of branches (Table 1 (V)). 
(IV) Soil salinization significantly lowered the relative growth rate (RGR) of the whole 
plant, leaves and stem but increased that of the roots in both the varieties. Application of 
phosphon-D brought about a marked enhancement in the R G R of the whole plant and leaves 
whereas the RGR of the s tem was increased by the GA3 treatment. None of the growth regu-
lator treatments, however, influenced the R G R of the roots (Table 1 (VI)). 
(V) The distribution of dry weight in the different plant organs revealed that there was 
a steady decline in the proportion of dry weight in the roots with the age of the plants. The 
dry weight of the stem remained more or less constant and that of the leaves constantly in-
creased with age. 
Soil salinity brought about a considerable accumulation of dry matter in the roots and 
the proportion of stem and leaves decreased. Application of phosphon-D to plants reduced the 
salinity induced accumulation of dry matter in the roots. Other growth regulator treatments 
did not alter the pattern of distribution (Table 1 (VII)). 
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Table 2 
Effect of soil salinity and growth regulators on the maturation of pisum sativum 
plants 
Characters Variety 












p h o n - D 
s p r a y e d 




G A 3 + 
phos-
p h o n - D 
sp rayed 
p l a n t s 
AT 
5% P 
(I) days to flower rimpus 52.00 64.42 55.46 67.10 53.20 4.01 
vares 65.10 69.40 61.20 64.60 61.60 4.27 
(ii) number of flower rimpus 18.20 12.60 23.00 10.80 11.80 2.71 
buds vares 34.00 28.20 38.40 26.60 28.00 4.20 
(iii) number of flowers rimpus 13.48 8.54 16.80 6.98 7.00 1.58 
vares 30.20 24.40 31.20 21.80 23.80 2.28 
(IY) number of fruits rimpus 7.10 4.10 9.36 3.20 5.46 1.49 
vares 20.10 9.60 20.020 10.20 12.20 1.66 
(V) fertility of flowers rimpus 52.60 48.00 55.70 45.80 60.00 3.70 
% vares 66.50 39.30 64.70 46.70 51.20 9.20 
(VI) days to matura-
tion of fruits rimpus 31.50 37.00 28.50 36.50 35.00 3.20 
vares 28.30 36.00 27.50 33.00 34.00 3.40 
(VII) length of fruit rimpus 7.08 5.92 5.80 4.94 6.06 0.38 
(Cms) vares 6.04 4.98 5.44 4.06 3.90 0.42 
(VIII) number of 
seeds per plant rimpus 24.60 18.00 29.00 13.80 21.00 4.05 
vares 38.00 31.00 44.00 25.60 32.60 4.31 
(IX) size of seed rimpus 6.898 4.816 5.140 5.742 4.870 0.36 
(mm) vares 6.614 4.160 4.190 4.858 4.166 0.62 
(X) hunderd seed rimpus 28.43 21.77 22.4-0 24.41 22.72 1.83 
weight (G) vares 21.12 18.24 14.74 20.08 17.66 1.33 
(XI) seed yield rimpus 7.16 3.26 6.80 2.40 3.88 0.71 
(g)/plant vares 8.26 6.20 8.40 6.16 6.56 0.69 
Flowering and yield 
Soil salinity significantly delayed the flowering in both the varieties. It was observed 
that the salt induced delay in flowering was counteracted in phosphon-D and GA3 and phos-
phon-D treated plants. The effect of GA3 was not marked (Table 2 (i)). 
Soil salinity significantly hampered the production of flower buds, flowers, fruits and 
the fertility of flowers in both the pea varieties. The phosphon-D treatment brought about a 
marked improvement in these flowering attributes. Application of gibberellic acid did not ap-
preciably influence these characters. The combined spraying of GA3 and phosphon-D improved 
the fertility of the flowers in both the varieties and the production of fruits in var. 'Vares' 
(Table 2, II, III, IY and V). 
Maturation of fruits was considerably delayed by soil salinity. The phosphon-D treat-
ment to plants brought] about a marked earliness, however the effect of GA3 or a combination 
of GA3 and phosphon-D was not significant (Table 2, VI). 
Length of fruits was adversely affected by soil salinity in both var. 'Rumpus' and 'Vares'. 
Growth regulator treatments, however, did not influence this character (Table 2, VII). 
Not only flowers and fruits but the production of seeds was also significantly reduced by 
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«oil salinity. The phosphon-D treatment increased while the GA3 decreased the number of seeds 
per plant (Table 2, VIII). 
Soil salinity adversely affected ihe size of seeds as well as the hundred seed weight. 
Application of GA3 brought about a significant improvement in the size and weight of seeds. 
Other treatments did not appreciably alter these characters (Table 2, IX and X). 
Soil salinity significantly lowered the seed yield of plants. Phosphon-D spray to plants 
markedly ameliorated this adverse effect in both the varieties. GA3 and a combined treatment 
of GA3 and pliosphon-D did not bring about any improvement in this character (Table 2, XI). 
The adverse effect of soil salinity on vegetative growth has been observed both as reduced 
height as well as lowered production of leaves in various crop plants (WADLEIGH—GAUCH 
1 9 4 4 , B E R N S T E I N — A V E R S 1 9 5 1 , S A R I N — I J P R E T Y 1 9 6 5 a n d G A T E S et al. 1 9 7 0 ) . T h e r e s u l t s 
of the present study on peas also confirmed the above observations and revealed that these 
responses were apparently the result of the lowered elongation rate and reduced velocity of 
leaf production culminating in the lower relative growth rate of the plants. Variety Rimpus 
was more susceptible to salt damage for elongation and var. 'Vares' for the production of leaves. 
It was interesting to observe that the salt induced depression in the RGR of whole plant was 
primarily because of the lowered rate of growth in the leaves and stem and not in the roots. 
It can also he evidenced from the observations on the distribution pattern of dry matter in 
the plant parts. M A R T H — F R A N K ( 1 9 6 1 ) in soybean, F L D A M A T H Y et al. ( 1 9 6 4 ) and M I Y A M O T O 
( 1 9 6 3 ) in wheats reported induction of salt tolerance by cycocel treatment. Their conclusions 
were based on the observation that cycocel treated plants did not wilt under saline conditions. 
In the present study, however, application of phosphon-D counteracted the adverse effect of 
soil salinity on the RGR of plants by increasing the photosynthetic surface as measured by 
the number of leaves. Application of gibberellic acid alone as well as in combination with phos-
phon-D helped in improving elongation grow th and this response was more pronounced in var. 
'Vares'. The GA3 treatment did not bring about any beneficial effect on the leaf production 
and relaiive growth rate of plants. This response supports the findings of N I E M A N — B E R N -
S T E I N ( 1 9 5 9 ) that at high salinity there is no improvement in growth due to G A 3 application. 
The adverse effect of soil salinity on growth was also reported to be carried over to the 
d e v e l o p m e n t of p lants ( H A Y W A R D - LONG 1 9 4 3 , BERNSTEIN—AYERS 1951 a n d SARIN—UP-
H E T Y 1 9 6 5 ) . The above authors contended that reduction on yield was due to a lowered flower-
ing. In the present investigation ivith peas, the deleterious effect of soil salinity during develop-
ment was manifested not only in a reduced flowering but also decreased seed size and seed 
weight. Further the adverse effect was also observed as delay in flowering and maturation of 
fruits as well as lowering in fertility of flower, number and size of fruits, and finally seed yield. 
The exogenous application of phosphon-D ameliorated the harmful effect of salinity on 
the above mentioned developmental attributes. An increase in flowering due to the growth 
retardant CCC has been observed in tomato ( W I T W E R - T O L B E R T 1960) and due to B-nine in 
trees ( C A T H E Y 1964). As suggested by C A T H E Y (1964) the growth retardants may promote flow-
ering by modifying the act iv i ty of the cambium resulting in the restriction of elongation growth 
which presumably alters the metabolism and creates conditions condusive to flowering. The 
treatment with gibberellic acid, however, failed to improve the adverse effect of salinity on 
flowering and yield characters except seed weight and seed size. The combined application of 
GA3 and phosphon-D did not bring about any appreciable change in the yield characters. 
* 
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POSITION OF MAIZE IN THE ROTATION 
I. Effect of preceding winter crops and nitrogen fertilization on some agronomic characters 
of maize 
Maize is an important cereal crop in Egypt. It is used for human consumption and in 
feeding animals. Maize is a summer crop which is grown after leguminous and non-leguminous 
crops. It is a nitrogen loving crop which grows and thrives better at high nitrogen levels. 
The effect of preceding crops on the yield and growth of succeeding ones has attracted 
the attention of many investigators. C A R T M I L L ( 1 9 5 3 ) reported that maize following ground-
nuts yielded 25 40 per cent more than maize following maize. He added that the percentage 
of barren stalks decreased with the nitrogen application. M O U R S I et al. ( 1 9 6 5 ) found that the 
yield of peanut plants after field beans significantly outweighed that of plants grown after 
barley, flax and wheat. They added that the preceding crop had no significant effect on the 
average number of leaves per peanut plant; but the number of fruits per plant after barley 
was inferior to that after field beans, berseem and flax. K Ö N N E C K E ( 1 9 6 7 ) reported that the 
protein content and 1000-kernel weight of wheat, barley and oats were affected by the preced-
ing crop. Ile found that protein content in cereals increased after legumes, while the 1000-
kernel weight of cereals decreased when they were preceded by legumes. S H O R M A — S I N G H 
( 1 9 6 9 ) arranged the yield of maize according to the effect of the preceding crop in a descend-
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ing order as follows: berseem, sweet clover, peas and fallow. Yield increases after legumes and 
after applying nitrogen were ascribed to increases in grain test weight, weight of grain per cob 
and cob length. 
The effect of nitrogen on the growth and yield of maize has been studied by many in-
vestigators. W O L F E (1924) found that the yield of maize, weight of grains per ear, shelling per-
centage and ear length increased significantly with the addition of nitrogen. C O L W E L L (1947), 
C A R T M I L L (1953), H U S S E I N (1958) and S H A F S H A K - E L - D E B A B Y (1971) reported that the ap-
plication of nitrogen considerably decreased the percentage of barren plants in maize. 
Table 1 
Mean percentage of lodged plants 
(Combined analysis of 1969, 1970 and 1971 seasons) 
Nitrogen 
Kgs/ha 
Preceding winter crop 
Mean 
F l a x Wheat Bar ley Beans Berseem 
0 23.88 19.60 19.44 16.07 11.86 18.17 a 
74 8.06 7.32 11.38 8.86 6.19 8.36 b 
148 7.48 5.59 10.02 15.49 9.37 9.59 b 
Mean 13.14 10.84 13.61 13.47 9.11 12.04 
a a a a a 
The effect of nitrogen on lodging has been studied by many investigators. K R A N T S — 
C H A N D L E R ( 1 9 5 1 ) , Z U B E R et al. ( 1 9 5 4 ) , F I S H E R — S M I T H ( 1 9 5 7 ) and H U S S E I N ( 1 9 6 8 ) reported 
that nitrogen increased lodging in maize, while H U S S E I N ( 1 9 5 8 ) found that nitrogen had very 
little effect on lodging. 
According to H U S S E I N (1958) and H U S S E I N (1968), the percentage of broken maize 
plants increased due to the application of nitrogen. 
Nitrogen had also considerable effect in increasing the number of ears per plant in maize 
( H U S S E I N 1 9 5 8 , R A I 1 9 6 1 , S H A F S H A K — E L - D E B A B Y 1 9 7 1 ) . V I T T U M ( 1 9 4 8 ) came to another 
conclusion, where he found that the number of ears per plant was not increased by nitrogen 
application due to the large size of ears in nitrogen treated plots. 
Nitrogen showed also a good effect on the 100-kernel weight of maize as reported by 
H U S S E I N (1958), R A I (1961) and S H O K M A — S I N G H (1969), while K H A L I F A (1970) found that 
the effect of nitrogen on the weight of 100-kernels was not significant. 
This study was intended to investigate the effect of preceding winter crops as well as 
the different rates of nitrogen fertilizer in avoiding some problems in maize production such 
as lodging, breakage and barren plants and on some characters related to the yield such as 
number of ears per plant, shelling percentage and weight of 100-kernels. 
Three experiments were conducted at the Higher Institute of Agriculture, at Moshtohor, 
Kalubia Governorate, in 1969, 1970 and 1971 to study the effect of preceding winter crops 
and nitrogen fertilizer on the lodging, breakage, barren plants, number of ears per plant and 
shelling percentage of maize. Each experiment included 15 treatments which were the combi-
nations of f ive preceding crops, namely: — Flax (Linum usitatissimum L.) variety Giza 4, —  
Wheat (Tr i t i cum aestivum L.) variety Giza 155, — Barley (Hordeum vulgare L.) variety Giza 
117, — Field beans (Vicia faba L.) variety Giza 2, and Berseem (Trifolium alexandrinum L.) 
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variety Meskawy, and three levels of nitrogen fertilizer, namely: control, 74 and 148 kgs nitro-
gen per hectare. 
The experiments were designed according to split plot design with f ive replications. 
The preceding crops were arranged at random in the main plots, while the nitrogen rates were 
also arranged at random in the sub-plots. The area of the main plot was 63 sq. meters and that 
of the sub-plot was 21 sq. meters. 
The preceding crops were given their normal cultural treatments and fertilizers. The 
maize was planted in rows, 30 cms apart, each row was 70 cm wide. Planting dates were May 
25, May 12 and June 18 in 1969, 1970 and 1971, respectively. Double Cross 67 cultivar was 
Table 2 
Mean percentage of broken plants 
(Combined analysis of 1969, 1970 and 1971 seasons) 
Nitrogen 
Preced ing winter crop 
Mean kgs/ha 
F l a x Wheat Barley Beans Berseem 
0 16.86 12.91 20.44 22.05 18.19 18.09 a 
74 15.97 16.43 17.77 20.33 18.34 17.77 a 
148 16.98 12.52 16.31 22.38 18.27 17.29 a 
Mean 16.60 13.95 18.17 21.59 18.27 17.71 
a a ab b ab 
grown in 1969 and 1970, while Double Cross 17s was used in 1971. Fertilizers were side dressed 
in split application. Harvesting started after 129, 133 and 119 days from planting in 1969, 
1970 and 1971, respectively. 
The following data were recorded: Percentage of lodged plants (i.e., plants leaning more 
than 45 degrees), percentage of broken plants, percentage of barren plants, number of ears 
per plant, weight of 100 kernels and shelling percentage. 
All data were analyzed statistically according to the procedure outlined by S N E D E C O R 
(1956). The letters in the tables are used in accordance with D U N C A N ' S multiple range test (1955) 
to compare the treatment means. Any two values within a column not followed by the same 
letter are significantly different at the 5 per cent level of probability. 
1. Percentage of lodged plants. Data on the percentage of lodged maize plants as in-
fluenced by preceding crops and N fertilizer are shown in Table 1. 
Effect of preceding crop. Preceding crop had no significant effect on lodging. It was 
observed that berseem as preceding crop had good effect in decreasing lodging in maize as 
compared with other preceding crops, but differences in percentage of lodged plants failed 
to reach the level of significance. 
Effect of nitrogen level. Nitrogen showed a statistically significant effect on lodging. The 
percentage of lodged plants decreased significantly due to the application of N. The percent-
ages of lodged plants were 18.17, 8.36 and 9.59 for the N levels of 0, 74 and 148 kgs per hectare, 
respectively. 
This result might be due to the effect of N in increasing the stem diameter and root 
system of inaize plants. It is logical that plants having a well developed root system and greater 
stem diameter can withstand wind and other mechanical effects causing lodging. 
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Contradictory results were reported by K R A N T S — C H A N D L E R ( 1 9 5 1 ) , Z U B E R et al. 
( 1 9 5 4 ) , F I S H E R — S M I T H ( 1 9 5 7 ) and H U S S E I N ( 1 9 6 8 ) , who found that N increased lodging in 
maize, while H U S S E I N ( 1 9 5 8 ) found that nitrogen had very little little effect on lodging. 
Interaction : preceding crop X nitrogen. The effect of the interaction of preceding crop X N 
on lodging was not significant. 
2. Percentage of broken plants. Data on the percentage of broken maize plants, as in-
f luenced by preceding crop and N fertilizer are shown in Table 2. 
Effect of preceding crop. Preceding crop showed a significant effect on the percentage of 
broken maize plants. Preceding crops could be arranged in a descending order according to 
Table 3 
Mean percentage of barren plants 
(Combined analysis of 1969, 1970 and 1971 seasons) 
Nitrogen 
kgs/ha 
Preceding winter crop 
Mean 
F lax Wheat Barley Beans Berseem 
0 4.59 3.84 2.94 1.92 0.75 2.81 a 
74 0.66 0.73 0.73 1.08 0.11 0.66 b 
148 0.50 0.51 0.59 0.35 0.12 0.41 b 
Mean 1.92 1.69 1.42 1.12 0.33 1.29 
с 
be be b a 
their effect on avoiding breakage in maize as follows: wheat, flax, barley, berseem and field 
beans, where percentages of broken plants were 1 3 . 9 5 , 1 6 . 6 0 , 1 8 . 1 7 , 1 8 . 2 7 and 2 1 . 5 9 , respective-
ly. Wheat and flax were significantly superior to field beans in their effect on decreasing break-
age in maize. 
Effect of nitrogen level. Nitrogen had no significant effect on the percentage of broken 
maize plants. This result did not agree with those obtained by H U S S E I N ( 1 9 5 8 ) and H U S S E I N 
( 1 9 6 8 ) , who found that N increased the breakage of maize. 
Interaction : preceding crop X nitrogen. The effect of the interaction between preceding 
crop and N on the percentage of broken maize plants was not significant. 
3. Percentage of barren plants. Data on the percentage of barren plants in maize as in-
f luenced by preceding crop and N fertilizer are shown in Table 3. 
Effect of preceding crop. Preceding crop showed significant effect on the percentage of 
barren plants. Berseem as preceding crop was significantly superior to all other preceding crops 
in increasing the fertility of maize plants, while field beans were significantly superior to flax. 
Differences in percentage of barren plants after wheat, barley and field beans were not signifi-
cant. Preceding crops could be arranged in a descending order according to their effect in de-
creasing barren maize plants as follows: berseem, field beans, barley, wheat and flax. 
In conclusion, legumes in general, and berseem in particular, had better effect in in-
creasing the fertility of succeeding maize plants, as compared with non-legumes. This result 
might be due to their good residual effect. 
Effect of nitrogen level. Nitrogen had significant effect in decreasing the percentage of 
barren plants in maize. Percentages of barren plants were 2.81, 0.66 and 0.41, at the N levels 
of 0, 74 and 148 kgs per hectare, respectively. 
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In conclusion, N increased the fertility of maize plants. This result is logical since N is 
essential for the growth and development of the sexual organs of plants, and agrees with those 
obtained by C O L W E L L ( 1 9 4 7 ) , C A R T M I L L ( 1 9 5 3 ) , H U S S E I N ( 1 9 5 8 ) , H U S S E I N ( 1 9 6 8 ) and S H A F -
S H A K — E L - D E B A B Y ( 1 9 7 1 ) . 
Interaction: Preceding crop X nitrogen. The effect of the interaction of preceding crop 
and N on the percentage of barren plants was not significant. 
4. Number of ears per plant. Data on the number of ears per plant as influenced by 
preceding crop and N fertilizer are shown in Table 4. 
Table 4 
Mean number of ears per plant 
(Combined analysis of 1969, 1970 and 1971 seasons) 
Nitrogen 
Preceding win te r гор 
Mean kgs/ha 
F lax Wheat Bar ley Beans Berseem 
0 0.956 0.973 0.975 1.046 1.075 1.005 a 
74 1.019 1.064 1.077 1.161 1.151 1.094 a 
148 1.111 1.134 1.119 1.191 1.237 1.158 a 
Mean 1.029 1.057 1.053 1.133 1.154 1.085 
a a a a a 
Effect of preceding crop. The preceding crop had no significant effect on the number of 
ears per maize plant. However, the number of ears per plant after legumes was greater than 
that after non-legumes, but differences failed to reach the level of significance. 
Effect of nitrogen level. Nitrogen increased the number of ears per plant, but increases 
in the number of ears failed to reach the significant level. The number of ears per plant in-
creased by 0.089 and 0.153 over the control due to the application of 74 and 148 kgs per hectare, 
respectively. 
In conclusion, N showed, in general, good effect on the number of ears per plant. How-
ever, this result was not statistically evidenced. This result agrees with those obtained by 
V I T T U M ( 1 9 4 8 ) , who found that the number of ears per plant did not increase significantly in N 
treated plots. On the other hand, H U S S E I N ( 1 9 5 8 ) , R A I ( 1 9 6 1 ) and S H A F S H A K — E L - D E B A B Y 
( 1 9 7 1 ) , found that the number of ears per plant increased significantly due to the application 
of N. 
Interaction: Preceding crop X nitrogen. The effect of the interaction between the preced-
ing crop and N on the number of ears per maize plant was not significant. 
5. Weight of 100-kernels. Data on the weight of 100-kernels as influenced by the preced-
ing crop and N fertilizer are shown in Table 5. 
Effect of preceding crop. The preceding crop showed a significant effect on the weight 
of 100-kernels of succeeding maize. The weight of 100-kernels after berseem was significantly 
superior to that after non-legumes, while the 100-kernels weight after field beans was signifi-
cantly higher than that after flax. Preceding crops could be arranged in a descending order 
according to their effect on 100-kernels weight as follows: berseem, field beans, wheat, barley 
and flax. This result might be due to the good residual effect of legumes, and agrees with those 
obtained by S H O R M A — S I N G H (1969). 
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Effect of nitrogen level. Weight of 100-kernels increased significantly as the N level in-
creased. The application of 74 and 148 kgs N per hectare increased the 100-kernel weight by 
3 .34 and 5.27 grams over the control, respectively. This result agrees with those obtained by 
H U S S E I N (1958), R A I (1961) and S H O R M A — S I N G H (1969), whereas K H A L I F A (1970) found that 
differences in 100-kernel weight due to N rates were not significant. 
Table 5 
Mean weight og 100-kernels, in grams 
(Combined analysis of 1969, 1970 and 1971 seasons) 
Nitrogen 
kgs/ha 
Preceding winter crop 
Mean 
Flax W h e a t Barley Beans Berseem 
0 25.77 26.29 26.15 28.17 30.12 27.30 a 
74 29.49 30.89 30.75 30.28 31.80 30.64 b 
148 32.09 32.90 31.67 33.26 32.92 32.57 с 
Mean 29.12 30.06 29.52 30.57 31.61 30.17 
a ab ah be с 
Table 6 
Mean shelling percentage 
(Combined analysis of 1969, 1970 and 1971 seasons) 
Nitrogen 
kgs/ha 
Preceding winter crop 
Mean 
Flax W h e a t Barley Beans Berseem 
0 84.68 85.10 85.43 84.82 85.43 85.09 a 
74 85.11 84.33 85.59 84.34 85.63 85.00 a 
148 84.40 85.11 85.21 84.70 84.77 84.84 a 
Mean 84.73 84.85 85.41 84.62 85.28 84.98 
a a a a a 
Interaction : Preceding crop X nitrogen. The effect of the interaction of preceding crop 
and N on the weight of 100-kernels was not significant. 
6. Shelling percentage. Data for shelling percentage in maize as influenced by preceding 
crop and N fertilizer are shown in Table 6. 
Effect of preceding crop. The preceding crop had no significant effect on the shelling 
percentage of succeeding maize. It seems that the shelling percentage is mainly a genetical 
character, which is not affected by environmental conditions. 
Effect of nitrogen level. Nitrogen had no significant effect on the shelling percentage of 
maize . This result did not agree with that obtained by W O L F E (1924), who found that nitrogen 
increased the shelling percentage in maize. 
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Interaction : Preceding crop У. nitrogen. The effect of the interaction between preceding 
crop and К on shelling percentage in maize was not significant. 
* 
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SUNFLOWER RESPONSE TO NITROGENOUS FERTILIZATION AT G. R. S. 
In 3-year trials, N ICOLAE (1961) found that sunflower responded to the application of 
superphosphate only and less favourably to superphosphate + potassium or to complete. 
N P K . K A M A L — E L D A M I A T Y (1959) tried three sunflower varieties under four fertilizer treat-
ments and two levels of irrigation. They found that the fertilizer treatments had no effect 
on the yield, but doubling the amount of irrigation water increased the yield by 40 per cent. 
In a field trial in Italy , CANDUSSIO (1958) reported that the application of N P K increased sun-
flower seed yields significantly while P had no effect. 
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This study presents the result of the first attempt to test the performance of sunflower 
under nitrogenous fertilization and irrigation in G. R. S.; furthermore to evaluate sunflower 
as a new field crop for Sudan conditions. 
The sunflower field trial was conducted at G. R. S., Medani, Sudan, in 1968/69 to 1969/70, 
The soil is heavy, dark cracking clay with a pH of about 8.5 and a low nitrogen status (about 
0.025 per cent). The average annual rainfall was 300 m. m. 
The trial consisted of threee sunflower varieties (Armavirec, Arrowhead and Peredovik) 
and three levels of nitrogen (zero, 45 and 90 kg N per-ha). Sowing was carried out on 1/6 at 
a spacing of 60 cms between ridges, 20 cms between holes, 3 seeds per hole and thinned to 1 
plant per hole after two weeks from planting On the same day of planting the seeds were treat-
ed with Aldrex T at 2.2 g per kg of seeds. The fertilizer, Urea, was added at sowing time and 
as side-dressing. The sunflower crop was irrigated at two weeks intervals and was weeded 
twice. All the operations from sowing to harvesting were manually conducted. The design of 
the experiment was randomized block replicated six times and the sub-plot size was 12 X 
3.6 m. 
Oil content was determined by the laboratory press method (NUR 1973). Hull percent-
age determination was based on the seed-cutter method (NUR 1969). 
The effect of nitrogen fertilizer on the characters tested for the three varieties is shown 
iu Table 1. As expected not all the attributes tested responded to the addition of nitrogen, e.g. 
hull and oil contents. Although no significant differences were detected between the varieties 
at each nitrogen level, the magnitude of response differed from one variety to the other, e.g. 
the addition of 45 kg N per hectare resulted in a seed increase of 13 per cent, 11 per cent and 
13 per cent for Armavirec. Arrowhead and Peredovik, respectively. The addition of nitrogen 
resulted in significantly taller plants, larger head diameter and heavier filled seeds which sup-
port the final seed yield obtained. Head diameter is important from the yield point of view as 
it leads to an increased seed producing area. 
Comparing the results achieved in this experiment with other areas producing sun-
flower we find that the seed yield obtained is markedly poor, a situation which does not fa-
vourably encourage raising up sunflower commercially under irrigation in Sudan, as it might 
not be an economical crop. The other characters which are particularly noteworthy are the 
great weight of unfilled seeds per head, the poor holding capacity of the seeds in the head, the 
small head size and the high hull content. It was noticed that the unfilled seeds were located 
in the centre of the head, this might be due to the fact that the florets away from the periphery 
of the head are the last to open and because of competition for nutrients, the florets that are 
the last to open are left with little nutrient supply which result in less developed seeds, consist-
ing mainly of seed coat and pericarp and no cotyledon oil-bearing tissue. 
Such a situation suggests that trying sunflower under rain-fed conditions in Sudan, 
and breeding special varieties with large heads, great seed holding capacity, thin hulled seeds 
and a greater number and weight of filled seeds per head will be of value. 
There is evidence that sunflower responded to fertilizer nitrogen at G. R. S. The addition 
of nitrogen resulted in greater total seed yield, 1000 seed weight, weight of filled seeds per head, 
head diameter and plant height. Oil and hull contents were not affected by the application 
of nitrogen. 
The results achieved indicate the limiting factors for the commercial sunflower produc-
tion under irrigation in Sudan. 
* 
Prepared at the Ciba — Geigy Tao, Khartoum. 
I. M. N U R 
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Table 1 
Effect of nitrogen fertilizer on some agronomic characters of three sunflower varieties tested at G. R. S. 
Varie ty 
Ni t rogen level 
Var ie ty 
Nit rogen level 
Zero N 45 kg N / h a 90 kg N / h a Zero N 45 kg N / h a 90 kg N / h a 
Seed yield (kg per ha) Plant height (cme) 
Armavirec 751 847 953 Armavirec 95.4 99.9 107.8 
Arrowhead 840 933 1029 Arrowhead 96.6 101.1 110.2 
Peredovik 751 CO
 
941 Peredovik 98.3 102.2 109.5 












S.E. ± 0.74 
Weight of 1000 seeds (g) 
46.4 52.2 
48.2 53.0 
46.1 j 50.3 




Weight of filled mature seeds/head (g) 
11.8 12.5 13.0 
12.2 12.8 13.4 
11.9 12.6 13.1 
C.V. = 10.2% 
Head4s diameter (cms) 
7.4 9.8 12.6 
7.6 9.9 12.8 
7.9 10.3 12.9 
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POTASSIUM SELECTIVITY IN T H E SOILS OF E G Y P T 
Potassium fertilizers are not widely used in Egypt due to the presence of ample amounts 
of mica and feldspar minerals in the Ni le suspended matter. However, the Aswan High Dam 
has diminished this matter and the application of potassium fertilizers might be necessary in 
the future. 
Many workers have observed that potassium is selectively adsorbed and subsequently 
f ixed by some clay minerals. The close f i t of potassium ions within the hexagonal cavities of 
the 2 : 1 clay minerals was invoked by W E A R — W H I T E ( 1 9 5 1 ) to account for this fixation. 
More recently, R I C H ( 1 9 6 8 ) as well as S A W H N E Y ( 1 9 7 0 ) concluded that cation hydration energy 
is more relevant. Cations with low hydration energy such as K, NH4, and Cs produce inter-
layer dehydration and layer collapse, thus , they become f ixed in the interlayer positions. 
K N I B B E — T H O M A S ( 1 9 7 2 ) stated that the 2 : 1 clay minerals show different selectivity 
for potassium as a function of charge density and its seat on the mineral lattice. Mica minerals 
are very selective for pottssium while montmorillonite is rather non-selective. Yet, C A R S O N — 
D I X O N ( 1 9 7 2 ) indicated that some soil montmorillonites have a greater selectivity than many 
specimen tapes of this mineral. They are of the opinion that the small undetected admixtures 
of mica and vermiculites in soils might be the reason of such unexpected high selectivity. 
The current work was undertaken to study the potassium selectivity of some soils of 
E g y p t . A series of some standard minerals was included in this work for comparison. 
Two soil samples were taken from the Experimental Stations of the Faculties of Agri-
culture at Giza and Zagazig to represent productive soils. A third one was chosen from the 
highly saline soils of San El-Hagar, Sharkia. The < 2 p fraction of these soils as well as that 
of montmorillonite (Wyoming bentonite) was separated, saturated with calcium, and its total 
potassium was determined by the H F — H C 1 0 4 method as described in a previous work by 
T A H O U N — H A M D I ( 1 9 7 3 ) . The clay mineralogical composition of San El-Hagar soil was also 
investigated by X-ray diffraction. 
A biotite specimen (Geology Dept . , Ain Shams Univ . ) was thoroughly ground in an 
agate mortar to pass a 200 mesh sieve. The fine fraction was dialysed against a daily renewed 
solution of 0.1 N CaCl2 for one week to produce a Ca-saturated sample, and four weeks to 
produce a partially weathered biotite. 
For potassium selectivity determinations, the method of C A R S O N — D I X O N ( 1 9 7 2 ) was 
used with some modifications. Aliquot containing 0.5 g of biotite and only 0.2 g of each of 
weathered biotite, montmorillonite, and soils clays was equilibrated for 3 days with graded 
К—Ca chloride solutions. Total salt concentration was 5 X 1 0 _ 2 IV and К concentration ranged 
from 5 X 10~4 to 4X 1 0 - 2 N. Thenafter, soluble and exchangeable Ca was determined through 
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Fig. 1. X-Ray diffraction patterns of the <2/( fract ion of San El-Hagar soil with Mg-saturation glycerol solvation (lower 
pattern), K-saturation and heating at 300 °C (middle pattern), and K-saturation and heating at 550 °C (upper pattern) 
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titration with EDTA and soluble and exchangeable К was determined by the flameplioto-
meter. 
The selectivity coefficient; Kg, was calculated using the Gapon equation: 
Kads MfCaSOj Kr. = Vcaa, MK,6 
where N = the meq. of adsorbed К or Ca ions per 100 g clay, and M = the ion concentration 
in the equilibrium solution in moles L~K 
The X-ray diffraction patterns of the clay fraction of San El-Hagr sali' are reproduced 
in Fig. 1. Dominant clay minerals in this soil seem to include a discrete s n ctite (18 Â) and 
Table 1 
Potassium selectivity coefficients of clay minerals and soil clays at 








1 7 . 2 4 
1 1 . 4 9 
6.10 
5 . 4 4 
4 . 8 2 








1 9 . 3 6 
1 4 . 7 1 
7 . 0 6 
5 . 9 8 
6 . 0 9 








1 . 3 5 
1 . 4 2 
1 . 1 4 
1 . 3 8 
1 . 2 9 
1 . 3 0 
Clay of San Ei-Hagar 
1 0 . 4 
1 2 . 3 
22.8 
3 2 . 0 
3 6 . 2 
5 5 . 9 
1 3 . 3 6 
7 . 9 4 
5 . 2 0 
4 . 5 1 
4 . 1 2 
4 . 0 1 
Clay of Giza 
9 . 1 
1 5 . 6 
26.2 
3 5 . 5 
4 0 . 9 
5 7 . 0 
1 1 . 4 5 
6 . 0 3 
3 . 8 4 
3 . 9 8 
3 . 7 0 
3 . 5 7 
Clay of Zagazig 
9 . 8 
1 7 . 2 
2 5 . 0 
3 1 . 3 
3 9 . 7 
61.6 
10.26 
5 . 2 0 
3 . 2 9 
3 . 0 2 
3 . 1 7 
3 . 0 5 
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a regular interstratified smectite-hydrous mica clay (28 Â). A small amount of kaolinite is 
evidenced by the two peaks at 7.1 and 3.5 Â which disappear upon heating to 550 °C. Quartz 
is also present in a small amount as indicated by the two peaks at 4.26 and 3.34 Â. This min-
eralogical composition is similar to that of Giza and Zagazig soils (TAHOUN—HAMDI 1973), but 
the amount of interstratified clay in these soils is less remarkable. 
The potassium selectivity coefficients of clays used in this work were found to be inverse-
ly proportional to K-saturation percentage in all cases except montmorillonite as evidenced 
by the data of Table 1. At medium and high levels of exchangeable potassium, the selectivity 
coefficients reach a constant value. This result is in a complete agreement with that of CAR-
S O N — D I X O N ( 1 9 7 2 ) , a n d K N I B B E — T H O M A S ( 1 9 7 2 ) . 
Biotite and weathered biotite give the highest while montmorillonite shows the least 
selectivity for potassium. This difference could he accounted for by the fact that biotite has 
a higher charge density than montmorillonite. Also, the interlayers of biotite are frayed at 
the edges, thus providing the mineral with highly selective sites for potassium as reported by 
R I C H ( 1 9 6 8 ) who found that edge-interlayer sites are much more selective for potassium than 
interlayer or planar sites. Therefore, it should be expected, according to S A W H N E Y ( 1 9 7 0 ) that 
a partially weathered biotite would be more selective for potassium than biotite as it contains 
a greater number of edge-interlayer sites. The data of Table 1 for biotite and partially weathered 
biotite are consistent with this expectation. 
Within the soil clays under investigation, the data of Table 1 indicate that the soil of 
San El-Hagar is the most selective. Moreover, the selectivity values of San El-Hagar, Giza. 
and Zahazig clays correlate very closely with their hydrous mica contents which amount to 
2 0 , 1 5 , and 1 2 per cent, respectively. A similar relation was reported by C A R S O N - D I X O N ( 1 9 7 2 )  
in some montmorillonitic soils. 
The fairly high selectivity of the clay fraction of San El-Hagar soil could not be inter-
preted only by its hydrous mica content, since the pronounced influence of this mineral is 
likely to be observed only at low К percentages. Probably, it could be explained by the nature 
of the existing smectite. T A H O U N — H A M D I ( 1 9 7 3 ) have established that the hydrous mica of 
the alluvial soils of Egypt belongs to the muscovite series of mica. Consequently, it could be 
assumed that the original muscovite in San El-Hagar soil might have been attacked by the 
excessive salts in the soil, thus it was transformed into a smectite mineral; biedellite. This min-
eral with its charge on the tetrahedral layer, was reported by W E A R - W H I T E ( 1 9 5 1 ) to offer 
a closer distance between the lattice negative and potassium ions than montmorillonite whose 
charge is located on its octahedral layer. Moreover, F A R M E R — R U S S E L L ( 1 9 6 7 ) added that the 
negative charge of biedellite is more localized, and therefore, it would be more selective for 
potassium compared with montmorillonite. 
Acknowledgement 
The authors are indebted to Dr. M. M. Mortland of Michigan State University, USA, 
for performing the X-ray diffraction of this work. 
Prepared at the Soils Department, Ain Shams University, Cairo 
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Taxonomical place: Vicia villosa Roth ssp. pseudovillosa (Schur) J. Murr. 
Origin: selected from a wild population and improved by family breeding. 
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Beginning of breeding: 1928, Kompolt. 
Breeder: "j" Fleischmann, R. (Kompolt); variety maintainer Bocsa, I. (Kompolt). 
State qualification: provisionally certified variety 1954, state certified variety 1967. 
General characterization : with its almost hairless shoots it is easily distinguished from the main 
type of hairy vetch; a valuable winter-hardy fodder plant with satisfactory yields in 
moister sandy soils too. 
Morphological description: 
Root-system: the primary root penetrates 80—120 cm deep into the soil, on the second-
ary roots abundantly branching from the primary root there are patulous root-
nodules. 
Shoot-system: its 60- 150 cm long branching main shoot is either procumbent or 
when combined with rye — climbing. 
Stem : thin, fine, almost hairless. 
Foliage: even-pinnate leaf, compound ending in a long tendril. Oil the rachis there are 
8—10 pairs of lanceolate-ovate, finely shaped, thinly haired, entire leaflets with 
bluntly pointed tips. 
Inflorescence : medium large cluster with 20—30 flowers. 
Flouer: 12—20 mm long; the calyx is of dark yellowish green colour with uneven teeth; 
the corolla varies from purple to light blue; the anthers are yellow and of oblong 
egg-shape. 
Fruit: 20—40 mm long, 5—8 mm wide, light or dark brown flat pod with 4—7 seeds. 
Seed: regular sphere of 3.5—4 mm diameter; glabrous, mat; of dark bluish-grey (almost 
black) colour with a dark brown hilum. Thousand-grain-weight 2 5 — 3 0 g, hl-
w e i g h t 8 1 — 8 3 k g ( K A P Á S et al. 1 9 6 5 , P Ó S A 1 9 7 0 ) . 
Biological characters : 
Germination: cardinal points: minimum + 3 °C, optimum + 25 °C, maximum + 3 5 °C 
( J Á N O S S Y et al. 1 9 7 1 ) . The extent of hard-coatedness may even be 3 0 per cent. 
Vegetation period: ripens at the same time as the unimproved hairy vetch; flowering 
begins in the second half of May and the first pod ripens a month later ( P Ó S A 
1970). 
Winter hardiness: excellent 
Resistance to diseases: not susceptible 
Farm technology requirements: 
Sou ing: optimum time in the middle of October 
Soil requirement : with the exception of dry sandy soils it develops well in soils suitable 
for the crop sown with it. 
Production: seed yield 1—7 q/ha; green yield together with the joint crop 150—250 q/ha 
( J Á N O S S Y et al. 1971). 
Area of cultivation : yields sufficiently on the entire area of Hungary. 
Prepared at the Department of Botany, University of Agricultural Sciences, Debrecen 
G Y . M Á N D Y 
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DICHOTOMOUS BRANCHING OF VASCULAR BUNDLES I N THE STEM A N D LEAF 
OF MAIZE A N D THEIR PHYLOGENETIC IMPORTANCE 
In her candidate's dissertation "Effect of some ecological factors on the anatomy of 
the vegetative organs of the maize stem" (1973) S. V O L C S Á N S Z K Y dealt — among others — 
with the number of vascular bundles in the s tem and leaves of maize and their changes in some 
nodes in detail. She pointed out: "twin bundles are frequent at ail levels of the axis", and "ad-
jacent bundles grow together vertically". The author began counting the internodes from the 
top and continued downward to the roots. If, however, she had counted them from the base 
upward to the tassel, the above sentence would have been modified in the following way: 
"Twin bundles are frequent at all levels of the axis", "the adjacent bundles separate vertically". 
The author presented a figure and a table where an increasing number of vascular bundles 
found in the successive internodes was indicated (Table 1). Accordingly, the number of vascular 
bundles decreases from the base upward. 
Greguss had a closer look at Volcsánszky's data and immediately suspected a dicho-
tomous branching of the bundles in the nodes, because the vascular bundles running into the 
leaves and those entering the internodes were almost of equal number, that is f i f ty- f i f ty per 
tent. In his opinion the vascular bundles running upward separate dichotomously in the nodes, 
or at the bases of the leaf-sheaths, half of them branching off into the leaves, the other half 
continuing their way in the stem. Thus the appearance of twin bundles ought to be interpreted 
this way. And if so, it has — according to Greguss — a phylogenetic importance. Volcsánszky 
did not discuss such phylogenetic aspects in her dissertation — which was not the aim of her 
work — still she established facts from which important and interesting phylogenetic conclu-
sions could be drawn. What are these facts? From Volcsánszky's data — determined by the 
precise examination of a number of maize plants — only those concerning the number of vas-
cular bundles counted in the internodes (plus some photos) were used by Greguss who found 
certain regularities in them. 
Table 1 shows that the changes in the number of vascular bundles are almost uniform 
in the different organs of the maize shoot and at different heights of the stem. For the sake of 
a better understanding all this is presented in a figure too (Fig. 1). In \ olcsánszky's drawing 
the internodes — 13 in number are numbered from the top downward. The first internode 
bears the tassel, while the lowest 13th — level is near to the adventitious roots. She could 
have begun numbering from the base, but that makes no difference; the number of the vascular 
bundles does not change whether we begin counting them from above downwards, or from 
below upwards. In the annexed table we too began numbering the 13 internodes at the top. 
In the second column marked with a the number of vascular bundles running in the 
internodes is shown on the basis of Volcsánszky's investigations. They are true numbers and 
our further investigations are primarily based on them. Considering the order of magnitude 
and succession of the numbers the vascular bundles of the internodes were supposed to branch 
off dichotomously in the node above, where their number theoretically redoubled. This column 
is marked with b, where the value of b 2a means 100 per cent of the existing vascular bundles. 
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Table 1 
Number of vascular bundles in the nodes and internodes 
Internodes 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 
Number of vascular bundles in the internodes 
(Volesánszky's data) (a) 
According to Greguss after the dichotomous 
branching of the ascending stem bundle the 
vascular bundles may redouble in the nodes. 
This number is the theoretical maximum 
100 per cent 
By subtracting the actual number of vascular 
bundles in the internodes from their theoret-
ical number in the nodes we obtain the 
number of bundles running into the leaf 
sheaths and laterals 
173 
(b = 2a) — 
The ratio of the actual number of bundles in 
the internodes to their theoretical number 
in the nodes gives the percentage of the 
stein bundles (<1 , ; % ) 
The ratio of the bundles entering the leaf 
sheaths and laterals (c) to the theoretical 
number of bundles (in the nodes (b) gives 
the percentage of bundles in the leaf sheaths / e 
and laterals b ° 
222 
444 
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Fig. 1. N u m b e r i n g of maize in t e rnodes according t o S. Volcsánszky 
T h e numbers in c o l u m n 3 — m a r k e d w i t h с — are o b t a i n e d by sub t rac t ing t h e number 
vascu la r bundles found in t h e internodes f r o m the total n u m b e r , t h a t is: с = b — a. This lat ter 
n u m b e r shows, in tu rn , t h a t t h e other half of t h e vascular b u n d l e s branching off d ichotomously 
in t he nodes continue in t h e leaf blades. T h e f igures found in b r a c k e t s after these n u m b e r s show 
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the number of vascular bundles actually observed by Volcsánszky to run into the leaves. These 
figures prove, in addition, that the theoretically determined and actually observed data are 
almost identical, demonstrating that most of the vascular bundles of the internodes really 
branch off dichotomously in the nodes. 
In the next column (d) the percentages of the above data are presented; they show the 
percentage ratio of the number of vascular bundles actually counted in the internodes to those 
theoretically calculated and dichotomously branching in the nodes. Its formula is: d = a/b. 
The figures of the last column show the ratio of the number of bundles entering the 
leaves to the theoretically supposed 100 per cent number of bundles in the nodes. From the 
last two columns it can be established on the whole that the two percentage ratios more or 
less agree, that is, the dichotomous branching of the vascular bundles in the nodes of the maize 
plant is highly probable. 
Let us see the other proofs. According to Volcsánszky's data in the lowest, i.e. 13th 
internode there were 385 vascular bundles. If we suppose a dichotomous branching of each 
of them in the next node, then the number of bundles ought to be twice as much as before, 
that is 770. In the next, i.e. 12th internode 398 actual vascular bundles run upwards, while 
the rest, i.e. the theoretical 372 branch off towards the leaves. The former is 51 while the latter 
49 per cent of the total number of bundles in the node, that is, they are almost equal. However, 
the bundles of the 12th internode advance to the next node, where — if each of them branches 
dichotomously — a maximum of 796 bundles may be produced. However, only 401 of them 
entered the next internode, while 395 were left to the leaves. The number of bundles advancing 
to the internode is, in this case too, 51 per cent, while that of the bundles entering the leaves 
49 per cent. The situation is similar in the 11th internode too. From the 401 bundles counted 
here 802 may be produced in the next node if each of the bundles branches dichotomously. 
Volcsánszky counted 442 in the 10th internode which was 55 per cent of the total, and the 
remaining 360, i.e. 45 per cent of the total, must have entered the leaves. 
The further fate of the vascular bundles of internodes 10 and 9 is especially interesting. 
The 442 bundles of the internode may theoretically be separated into 884 dichotomous 
branches in the 9th node. Of this in the next internode 451 bundles were actually found, 
and 433 may have run into the leaves, which means 51 and 49 per cent, respectively. 
All this is best shown, however, by the 9th and 8th internodes. The 451 bundles of the 
9th internode can theoretically be divided into 902 bundles. The 451 stalk bundles actually 
counted in the 6th internode is equal to the number of bundles possibly entering the leaves, 
that is the ratio here is exactly fifty—fifty per cent. 
We may continue these calculations up to llie second and first internodes. In internode 
2 the actual number of vascular bundles was 222, which — according to the theory — could 
only divide into 444 bundles in the first node. Of this the first internode was entered by 173 
bundles, while the tiny leaves were only supplied with 72, according to the data. This remark-
ably small number may be due to the stem becoming thinner, and to the lower number of 
vascular bundles in the first tiny leaf. Nevertheless, according to Volcsánszky's data 200—400 
vascular bundles may even occur in the uppermost leaves, which perfectly agrees with the 
theory 
To sum up the results, it can be established that in the lowermost internodes of the 
maize stalk the number of vascular bundles is somewhat lower than in those upwards from 
internode 11. The largest number of vascular bundles (451) is found in the 7th internode, 
where generally the largest leaves and lateral shoots develop: from this up to the tassel the 
vascular bundles gradually decrease in number. 
As to the percentage proportion of the vascular bundles branching off into the leaves, 
these values are largely about 50 per cent in all cases. And this seems to confirm the dicho-
tomous branching of the vascular bundles in the nodes. Smaller or greater deviations from this 
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proportion may, naturally, occur. Namely, not all vascular bundles running upwards branch 
in the next node, some of them sometimes pass through several nodes and only branch in the 
4th or 6th one. These are the major bundles. All this is seen in the figures of Plates I and II. 
Fig. 1 of Plate I shows, e.g. the cross-section of a twin bundle, making it perfectly clear 
that it is a case of separation and not of growing together. Fig. 2 shows again the cross-section 
of a minor bundle; both are collateral closed bundles. Fig. 3 is a photo taken of the root zone; 
both are well defined ainphivasal bundles. Figs 4, 5 and 6, on the other hand, show the longi-
tudinal section of the twin bundles. The arrows clearly show that twin bundles are always 
Fig. 2. Vascular bundles in a monocotyledonous stem (Raphis) according to Zimmermann— 
Tomlinson 
formed around the nodes. Fig. 7, on the other hand, is an example of some bundles passing 
sometimes through even 4 or 5 nodes without branching. These are the so-called major bundles. 
This phenomenon is proved by Figs 1, 2 and 3of Plate II, too. Fig. 1 presents the radial 
structure of the 5th node, and the leaf insertion, that is, the vascular leaf trace. Inside the stem 
the bundles showing a definite diehotomous branching are numbered. Bundles Nos 1 to 6 
show not only a diehotomous branching, but also an almost regular arrangement from the 
medulla to the cortex. In the same way, bundles Nos 8—15 gradually advance from the cortical 
zone to the periphery of the stem, then continue in the leaf-sheath, clearly showing that the 
bundles run into the leaf-sheath, too. In the centre of the stem the simple bundles are relatively 
thinly, while towards the periphery more thickly set, still they show a certain order of succes-
sion. Fig. 2 shows a slightly magnified detail of Fig. 1, where the diehotomous branching of 
the vascular bundles is even more apparent. 
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The question now arises whether all these have any phylogenetic significance as referred 
to in the title. They certainly have. Dichotomous branching is still a rather frequent phenom-
enon in monocotyledonous plants, and this applies not only to the crotches of the big mono-
cotyledonous trees (See Plate III, palms, Liliaceae, etc.) but also to the dichotomous branching 
of the root-hairs of some grasses, e.g. Triticum. The parallel leaf veins of the monocotyledons 
too can, in essentials, be traced back to dichotomy, as one of the oldest forms of branching, 
which appears in the s tem and leaves of maize, too. 
Anyway, dichotomy has always been, and is even today present in the terrestrial flora 
from the simplest form to the highest phanerogamous plants, and that not only in the stems 
and trunks, but also in the leaf veins. In the course of phylogenesis dichotomy began already 
in the simplest filamentous algae, Chlorophyceae (e.g. Vaucheria), continued in the Bryophyta 
(Hepaticae), the Psilophyta ( Protopteridium ). the Pteridophyta (Pteropsida, Sigillaria, Isortes), 
the Pteridospermae (Lyginodendron), the Gymnospermae (Cycadales), the Chlamydospermae 
( Wehi itschia) up to the Angiospermae, so in the Monocotyledones and — as we can see — in the 
vascular bundles of maize, too. Therefore, the dichotomous branching of the vascular bundles 
in the maize stem can be regarded as a phylogenetic character, some sort of reliquiae. 
In connection with dichotomy another thought arises. Namely, in the world of plants 
two other forms of branching exist besides dichotomy: monopodial and verticillate branching. 
Monopodial branching — like dichotomy — has always been present both in the simplest 
f i lamentous algae and in the most developed angiospermous flowering plants, so in the Dicoty-
lédones, too. The most interesting point of this phenomenon is that these three forms of branch-
ing have appeared in the course of phylogenesis, and appear even today, always side by side, 
at the same time and at the same stages. So, e.g. in the monopodially branching green algae, 
Chlorophyceae (Cladophora), the Bryophyta (Musci), the Psilophyta (Rhynia), the Pterido-
phyta (Lycopsida, Lepidodendron), the Pteridospermae (Lepidocarpon), the Chlamydospermae 
(Gnetum) and the Angiospermae, more closely: in the Dicotylédones. And if it is so, then the 
monocotyledons which show a tendency to dichotomy could not originate from the monopodial 
dicotyledons as supposed by some authors —, since in the present dicotyledons, first of all 
arboraceous dicotyledons true dichotomy does not exist, so they could not transmit such char-
acters to the monocotyledons. Accordingly, the monocotyledons could not originate from the 
dicotyledons. Namely, in our opinion the monocotyledons have developed to their present 
stage independently of the dicotyledons. Consequently, the development of the Angiospermae 
must have been polyphyletic rather than monophyletic. The above results of investigations 
provide further evidences of the correctness of this theory. 
* 
Plate I 
Fig. 1. Cross-section of a twin bundle at the place of branching (100 x ) 
Fig. 2. Twin bundle from the cortical part of the stem (120 X ) 
Fig. 3. Amphivasal twin bundle from the root zone (120 x ) 
Fig. 4. Places of origin of twin bundles in the trunk of a monocotyledonous palm-tree (Raphis), 
and their pathway in the leaves and the stem. The points indicate the places of the vascular 
bundles in sections made at every 5 mm, and the lines connecting them show the direction 
of advance and branching of the individual bundles. (Tomlinson and Zimmermann's work). 
The branching of the vascular bundles is dichotomous as in the maize 
Fig. 5. Major and minor twin bundles in a monocotyledonous palm stem (Raphis). The arrows 
show the places of dichotomous branching (Tomlinson—Zimmermann) 
Fig. 6. At the white marks the two "Ascending" bundles show a definite dichotomous branch-
ing (30 X ) 
Fig. 7. Longitudinal section of a young (5 weeks old) maize stalk. Some bundles pass through 
3—5 nodes without branching. These are the "major bundles". The arrow shows the beginning 
of the dichotomous branching (5 X). 1, 2, 3, 6 and 7 are from Volcsánszky's paper 
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After having completed and sent to the editorial office the above paper I received a 
very interesting work published in 1972 by Martin H. Zimmermann and P. B. Tomlinsoii, 
professors at the Harward University: "The vascular system of monocotyledonous stems". 
This paper discusses in detail the problem of vascular supply to the different parts of mono-
cotyledonous plants. The authors took the widely accepted ideas expressed by Desfontaines 
in 1798 and b y Hugo von Mohl in 1824—58 concerning the vascular structure of palms into 
consideration. On the basis of several years of investigations they revised and modified these 
old theories. As to the results of their investigations seven drawings are also presented in 
addition to the detailed descriptions. The drawings and explanations of this paper greatly 
support the statements made in my paper. I present here a small detail of the text and four 
figures. 
"Figure 2 (1) shows in an idealized and simplified way the monocotyledonous vascular 
system of a mature vegetative stem in a radial plane. The diagram represents the principles 
which were first found in Raphis (Palmae) and Prionium (Juncaceae) (ZIMMERMANN—Том-
LINSON 1965, 1972) but subsequently also in other species in several families. Eight leaf inser-
tions are shown, the vascular supply to each leaf represented by only three bundles — two 
vascular leaf traces (one major, one minor) and a fibrous cortical trace. These three elements, 
which essentially make up the vascular structure of the stem, are shown separately in Figure 2. 
In an actual stem, the total number of bundles continuous into a leaf is of the order of hundreds, 
and there is a gradation from those which originate centrally to those which originate peripheral-
ly. This large number of traces is accomodated in a broad leaf insertion which, in most mono-
cotyledons, completely encircles the stem". The inain point here is that these bundles continue 
in the leaf. 
Fig. 2 shows, further, that in the stem there is a so-called major bundle which passes 
through 3—4 nodes and branches off into the leaf only then, while the other branch proceeds 
in the stem. It was mentioned in my paper too, but I did not know then that it had a separate 
name. The minor bundle running beside it. generally branches off in every node. The main 
point is that one branch of the diehotomous bundles enters the leaves, while the other continues 
in the stem. 
Section 3 of Fig. 2 clearly shows that it is in the nodes that the vascular bundles branch 
off, and that one of the branches continues in the leaf, while the other in the stem. 
Section 4 of Fig. 2 shows the longitudinal section of the growing tip of a palm trunk. 
Even the primordial vascular bundles display a diehotomous branching. 
Since in the phylogenesis of the flora of the earth dichotomy has always existed in vari-
ous types of plants, the diehotomous structure of the vascular bundles of the maize plant is 
considered by the author to be of phylogenetic importance. 
Plate II 
Fig. 1. It is a magnified detail of the picture in the middle. Numbers 2—6 indicate the dichoto-
mously branching bundles (cca 8 x ) 
Fig. 2. Cross-section of node 5 in a young stem. The thick line shows the succession of the di-
chotomously branching bundles in the nodes ( 1 - 6 and 8—15). In the inner part diehotomous 
branching is seen in more than one places (5 X ) 
Fig. 3. Magnified detail from the middle picture. The diehotomous bundles — proceed at 
identical distances from the inner part of the stem towards the cortex and the leaf sheath, re-
spectively (6X) . The cross sections of twin bundles in the leaf sheath are connected by dotted 
lines 
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Plate III 
Fig. 1. Dracaena furcata s tem showing a multiple dichotomous branching. Kew Garden, London 
(Author's photo) 
Fig. 2. Dichotomous branching of Microdracoides squamosus, an about 1 m high sedge in South-
Africa 
Fig. 3. Dichotomous branching of a palm from Cuba 
Fig. 4. Multiple dichotomous branching of a Dracaena draco trunk in a street of Algir (Author's 
photo) 
Fig. 5. Dichotomous branching of a Yucca arborescens trunk. Central-America 
Fig. 6. Dichotomous branching of a Pandanus tectorius trunk. Hawaiian Islands 
Fig. 7. Dichotomous branching of a Yucca trunk. North-Ireland, Park (Author's photo) 
Fig. 8. Multiple dichotomous branching of a Hyphaena thebaica trunk. Cairo Park (Author's 
photo) 
Fig. 9. Dichotomous branching of an Aloe beddomei trunk. Munich. Botanical Garden (Author's 
photo) 
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RECENSIONES 
J . B . H A R B O R N E , D . B O U L T E R . B . L . T U R N E R : 
Chemolaxonomy of the Leguminosae. Academic 
Press, London and New York, 1971. 
The complete cheinotaxonomic processing 
of the family Leguminosae was published as 
the jo in t work of 19 well-known exper t s . 
The monography of 612 pages extent is m a d e 
clearer and easier to survey by numerous 
structural fo rmulae and f igures and tab les 
Each of t h e 15 chapters is completed with 
detailed l i t e ra ry references. Beside Heg-
nauer's serie of "Chemotaxonomie der Pf lan-
zen" (Bi rkhäuser , Basel S t u t t g a r t ) this work 
is the mos t up-to-date p lan t chemotaxon-
omie m o n o g r a p h y . Its significance is in-
creased b y t h e fact tha t the family Legumi-
nosae is one of the most i m p o r t a n t families 
of angiosperms which, besides the family 
Gramineae, includes cult ivated p lants of the 
highest economic value. 
With t h e knowledge of chemotaxonomie 
correlations based on biochemistry the taxon-
omy of t h e family Leguminosae makes the 
phylogenetic problems clearer. In the mono-
graphy no t only the well-known low molecular 
weight c o m p o u n d s (f lavonoids, alkaloids, 
non-protein amino acids, sugars , lipids and 
terpenoids) b u t also the macromolecular 
components (albumins, globulins and poly-
saccharides) are discussed, moreover, sepa-
rate c h a p t e r s deal with t he enzymes and 
phytohaemagglut in ins which are increasing 
in impor tance from genetic and resistance 
biological po in t s of view. I t has to be under-
lined t h a t t h e proteins and amino acids, 
highly i m p o r t a n t from an economic point 
of view, a re discussed with ful l particulars. 
The monography consists of the following 
chapters: 
Chapter 1. The Leguminosae — A system-
atic purview (V. H. HEYWOOD). Summarizes 
and character izes the genera belonging 
to the f ami ly Leguminosae. I t s major par ts 
are: t axonomic divisions: The Mimosoideae : 
The Caesalpinioideae ; The Swartzieae; The 
16* Acta Agronomica Academiae Scientiarum Hungaricae 24, 1975 
4 8 6 KECENSIONES 
Lotoideae (Papilionoideae) ; Origin, relation-
ships and evolutionary trends. 
Chapter 2. Distribution of flavonoids 
in t h e Leguminosae ( J . B . HARBORNE ) . F l a -
vonoid patterns in the Leguminosae: antho-
cyanins; flavonols and flavones; chalcones 
and aurones; leucoanthocyanidins and f la-
vanones; isoflavonoids and neoflavonoids. 
Flavonoid surveys at the generic level: gen-
eral considerations; f lavonoids of the genus 
Baptisia; Legume heartwood surveys; Sur-
veys of fodder crops; Surveys in the Vicieae; 
Surveys in the Genisteae. 
Chapter 3. Alkaloids in the Leguminosae 
( J A M E S A. MEARS) . Approaches to the appli-
cation of alkaloid data for plant systematics 
(Variation in alkaloid content for individual 
plants and for populations; Variation in the 
alkaloid content of plants during develop-
ment; Variation in the alkaloid content in 
populations resulting from hybridization 
and introgression); Systematically significant 
alkaloids in the Leguminosae (Quinolizidine 
(Lupine) alkaloids; Pyrrolizidine alkaloids; 
Phenylalanine- and Tyrozine-derived alka-
loids; Tryptophane-derived alkaloids; Phy-
sostigma alkaloids; Erythrina alkaloids; 
Ammodendrine-Hystrine alkaloids; Erythro-
phleum alkaloids; Smirnovine alkaloids); The 
structures and distribution of alkaloids in 
the Leguminosae. 
Chapter 4. Comparative biochemistry 
of non-protein amino acids (E. A. B E L L ) . 
Potential value of amino acids in compara-
tive studies;The possible origins and biological 
significance of "uncommon" amino acids 
(Possible origins; Possible biological signifi-
cance); Amino acids of the Lotoideae (Cana-
vanine; Amino acids of the tribe Phaseoleae ; 
Amino acids of Lathyrus and Vicia; Amino 
acids of Astragalus); Amino acids of the 
Mimosoideae (Amino acids of Acacia and 
Schrankia); Amino acids of undetermined 
distribution. 
Chapter 5. Distribution of monosaccha-
rides, oligosaccharides and polyols(J.E. COUR-
TOIS a n d F . P E R C H E R O N ) . M o n o s a c c h a r i d e s ; 
Oligosaccharides; Cyclitols (myo-Inositol, 
Quercitol, Pinitol); Metabolism of mono-
saccharides, oligosaccharides and cyclitols. 
Chapter 6. Lipids of the Leguminosae (I. 
A. W O L F F and W . F. K W O L E K ) . Seed oil 
content; Total unsaturation in seed oils; 
Fatty acid composition of seed lipids; Com-
ponent glycerides of seed oils; Nonglyceride 
seed oil constituents; Lipids of plant com-
ponents other than seeds. 
Chapter 7. Terpenoid and other low mo-
lecular weight substances of systematic 
interest in the Leguminosae (J. B. HAR-
BORNE). Simple phenolics; Quinones; Ter-
penoids (diterpenes, triterpenoids, carote-
noids); Growth regulators; Phytoalexins; 
Miscellaneous constituents (nitrogen com-
pounds; some carbon compounds). 
Chapter 8. Taxonomic aspects of the 
structure of legume proeins (D. BOULTER) . 
General characteristics (structure; biosyn-
thesis; function; classification); Phyloge-
nese and taxonomic considerations (methods 
applicable to the establishment of the phylo-
genetic relationships of major plant groups); 
Methods applicable generally. 
Chapter 9. Serology of the Leguminosae 
(J. KLOZ). Sophoreae; Podalyrieae; Labur-
neae; Cajaneae; Phaseoleae; Glycineae; Vi-
cieae; Trifolieae; Loteae; Stylosantheae. (Im-
munelectrophoregrams of major protein 
types are also presented.) 
Chapter 10. Phytohaemagglutinins (G. C. 
TOMS and ANN WESTERN). Blood group 
specific phytohaemagglutinins; Non-specific, 
multi-specific and other phytohaemaggluti-
nins; Plant mitogens; Chemistry of phyto-
haemagglutinins; Botanical aspects. 
Chapter 11. Comparative studies of legume 
enzymes (D. A. THURMAN). Potential use-
fulness of enzyme types in systematics; 
Methods of comparing enzyme structure; 
Effects of extraction and plant material on 
detection of enzymic activities; Enzyme 
types (aminoacyl-sRNA synthetases: lysine 
biosynthesis; proteinases; dehydrogenases; 
esterases; fructose-l,6-diphosphate aldo-
lases); Comparisons of amino acid sequences 
of legume proteins (pea embryo histone IV; 
ferredoxins). 
Chapter 12. Urease, a typical seed protein 
of the Leguminosae (C. J . B A I L E Y a n d D . 
BOULTER). Properties of Jack bean urease; 
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Comparison of Jack bean urease with urease 
from other sources; Function of urease: The 
structure of urease and its relationship to 
seed physiology; Regulation of enzyme syn-
thesis and activity; Distribution of urease 
within the Leguminosae. 
Chapter 13. Polysaccharides in the Legu-
minosae (R. W. BAILEY). Structural poly-
saccharides (pectic substances; non-cellulose, 
hemicellulose polysaccharides; cellulose); Re-
serve polysaccharides (starch; seed galacto-
mannans; seed "amyloid"; miscellaneous). 
Chapter 14. The amino acid sequence of 
Phaseolus aureus ( Mung-bean ) cytochrome 
с with reference to phylogeny (D. BOULTER 
a n d E . W . T H O M P S O N ) . 
Chapter 15. Implications of the biochemical 
data: a summing up (B . L. TURNER). 
The valuable monography summing up the 
comparative taxonomy, chemistry and bio-
chemistry of Leguminosae gives a substantial 
help to experts in all fields of agriculture; 
botanists, biochemists, physiologists, special-
ists of organic chemistry and food chemistry, 
those performing quality control, pharma-
cologists, animal breeders, etc., since the 
full knowledge of this plant family contain-
ing many valuable high protein content 
sources is — especially in these days — in-
dispensable for the efficient solution of world 
food problems. 
L . G Y . S Z A B Ó 
J . A. DE В о к х (ed.): Viruses of potatoes and 
seed-potato production. PUDOC, Wagenin-
gen, 1972. 
The increasing spread of potato viruses 
and the seed-potato production problems 
involved set the experts dealing with theo-
retical and practical questions more and more 
serious tasks in all potato growing countries 
of the world. It is for this reason that the 
book "Viruses of potatoes and seed-potato 
production" which supplied a great want 
in the special literature is especially remark-
able. The work of a Dutch collective of four-
teen authors participating in the research 
of potato viruses and the production of seed-
Viruses of potatoes arid 
seed-potato production 
F-I.Ud , 1 1 , Ш.Л, 
m 
potato, and highly familiar with both theo-
retical and practical problems in this field 
the book deals with the most fundamental 
questions a knowledge of which is today 
indispensable when growing healthy seed-
potatoes. 
The book contains 233 pages including 
66 figures, 8 coloured pictures and 18 tables. 
It is divided into 17 chapters with references 
at the end of each chapter. Chapter 1. (J-P. 
H. VAN DER WANT: Introduction to plant 
virology) gives a historical survey of potato 
viruses and describes their major character-
istics. Chapter 2. (J. A. DE ВОКХ: Graft and 
mechanical transmission) deals with the 
hygiene and methodology of virus trans-
mission. Chapter 3. ( D . H I L L E R I S L A M B E R S : 
Aphids: their life cycles and their role as virus 
vectors) discusses the population conditions 
of the major aphid species playing a role in 
virus transmission, and some questions of 
the biological control of vectors. Chapter 4. 
(Н. A. VAN HOOF: Soilborne viruses) deals 
with viruses transmissible by fungi and nem-
atodes. In this chapter a short information 
is given on the control of soil-borne viruses. 
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Chapter 5. (D. Z. МЛАТ: Vitus purification) 
gives an up-to-date view of the possibilities for 
virus purification by describing the most fun-
damental methods. Chapter 6. ( J . A. D E B O K X : 
Electron-microscopy) presents the electron-
microscopic methods and diagnostic prob-
lems. This chapter is closely connected with 
Chapter 7. (D. H. M. VAN SLOGTEREN: Serol-
ogy) which discusses the questions of sero-
logical virus diagnosis. Chapter 8. of the book 
(J. A. D E B O K X : Test plants) describes the 
methods of inoculation, the factors influ-
encing the susceptibility of the host plants and 
presents the local and systemic host plants. 
Diagnostic questions are dealt with in 
Chapter 9 too (J. A. DE BOKX: Histological, 
cytological and biochemical methods). In 
Chapter 10. the largest chapter of the book 
( А . В . B . B E E M S T E R — A . R O Z E N D A A L : Potato 
viruses: properties and symptoms) data can 
he found on viruses transmissible both me-
chanically and by aphids and other insects as 
well as on mycoplasmas transmissible by 
leafhoppers. In this chapter the authors 
discuss potato virus S with viruses trans-
missible mechanically, while potato virus M 
with those transmitted by aphids, although 
it is a well-known fact that some strains of 
both viruses can be transmitted by aphids. 
Perhaps it would have been more correct 
to discuss potato virus S too with viruses 
transmissible by aphids. It would also have 
been better to present the cryptograms of 
the viruses beside their common English 
name instead of the binominal nomenclature 
hardly used today. In the same chapter the 
authors again deal with the soil-borne viruses, 
although they were already discussed in 
Chapter 4. It is remarkable that while potato 
virus X is mentioned in Chapter 4 as a soil-
borne virus, Chapter 10 does not even speak 
of it. It might be misleading that in Chapter 
10 the authors discuss potato (Andean) 
latent virus in the group of "Potato viruses 
transmitted by other insects", although it 
is known that this virus cannot be trans-
mitted by insect vectors. Chapter II (A. B. 
R. BEEMSTER: Virus translocation in potato 
plants and mature plant resistance) presents 
the differences related with the translocation 
of the individual viruses within the same 
host plant on one hand, and the translocation 
of a single virus in the same host plant, on 
the other. Chapter 12 (A. J. REESTMAN: 
Incidence of infection in commercial crops 
and consequent losses) deals with the yield 
losses and secondary infections caused by 
viruses. Chapter 1 3 ( F R E D E R I K A Q U A K : 
Therapy) discusses the methods of heat 
treatment and meristem cultures. Chapter 14  
(A. SCHEPERS: Control of aphid vectors in the 
Netherlands) deals with the effects of in-
secticides, mineral oil, aluminium foil and 
soil insecticides. Chapter 15 of the book 
(H. T. WIERSEMA: Breeding for resistance) 
mainly discusses the problems of hyper-
sensitivity and immunity, but also deals 
with the inheritance and nature of resistance. 
Chapter 16 (D. E. VAN DER ZAAC: Dutch 
techniques of growing seed potatoes) describes 
the methods of seed-potato growing in 
Holland. Chapter 17, the last chapter of the 
book ( J . H I D D E M A : Inspection and quality 
grading of seed-potatoes) presents methods 
for the laboratory- and field inspection of 
seed-potatoes. In the last section of the 
book there are data on the origin and re-
sistance of potato varieties. The index at the 
end of the book gives help in looking up 
concepts and content elements. 
The editor and the authors deserve credit 
for publishing this book, and full homage 
is rendered to the PUDOC publishing house 
for the printing work. 
J . H O R V Á T H 
A. SZÁNTÓ (ed.): Handbook of agricultural 
chemization. Műszaki Könyvkiadó, Buda-
pest, 1972. 
The paper collection published by the 
"Műszaki Könyvkiadó" (Technical Publish-
ing House) gives overall information primari-
ly to agriculturists on the products of the 
Hungarian chemical industry at the service 
of agricultural production development. 
The purpose of the carefully prepared and 
compiled handbook is to increase the eeo-
nomicalness of agricultural production by a 
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tabulated documentation of confirmed data 
and by the detailed presentation of technical 
alternatives for supporting the development 
programmes. The handbook is divided into 
the following chapters: 
N . M E R G E N T H A L E R — F . N A G Y M I H Á L Y : 
(1) Methods of supplying nutrients for plants. 
The authors describe the nutrient uptake 
of plants, the influence of soil on nutrient 
uptake, the forms of nutrients (macro-, meso-
and micro-elements), the organic matter 
supply and fertilization with the aid of a 
number of well arranged tables. When arrang-
ing the data they compare the products of 
the Hungarian chemical industry and their 
agricultural utilization with those of the 
developed capitalist countries. Emphasis 
is laid in the chapter on the detailed discus-
sion of the importance of solid and liquid 
fertilizers composed of various active in-
gredients. 
N . M E R G E N T H A L E R — F . N A G Y M I H Á L Y : 
(2) Nutrient requirements of plants. Besides 
the chemical composition of agricultural 
and horticultural plants (plant organs) fac-
tors influencing the nutrient uptake and the 
nutrient requirements of cultivated plants 
are discussed in correlation with the pro-
spective yields. 
N . M E R G E N T H A L E R — F . N A G Y M I H Á L Y : 
(3) Time and method of fertilization. The 
chapter makes directly utilizable proposals 
on the application of macro-, meso- and 
micro-elements with the view of improving 
the cultural practices of up-to-date agricul-
tural units. In addition to basic fertilization 
and top dressing the tabulated data give 
detailed information on the modern tech-
niques of liquid- and spray fertilization (mi-
croelement application) too. 
F. HARGITAI: (4 ) Chemical plant protec-
tion. The chapter begins with a discussion 
of the extent of crop failures caused by patho-
gens, pests and weeds, emphasizing the 
practical importance of plant protectives 
in increasing the reliability of production. 
The wide range of Hungarian made plant 
protectives (fungicides, insecticides, herbi-
cides) as well as their increased utilization 
are shown in tables. 
P . U . KRALOVÁNSZKY: (5) Importance of 
chemical products in livestock farming. First 
the economic factors of producing protein 
products of animal origin, then the impor-
tance of materials produced by chemical 
industry processes for feeding purposes: 
yeast , non-protein nitrogen ( N P N ) , amino 
acids, bioactive additives (vitamins, hor-
mones, enzymes, antibiotics) and of other ma-
terials are dealt with. The practical utiliza-
t ion of non-protein nitrogens (NPN) replacing 
protein and of limiting amino acid supple-
ments, as well as the economical production of 
proteins of animal origin through biological 
effectivity are discussed in full detail. The 
new methods described — modern as to 
their conception and normative in the up-to-
date technology of application — represent 
an important tendency when the production 
of animal proteins is to be increased. 
A. SZABÓ: (6) Plastics in agriculture. The 
author discusses the role of Hungarian made 
plastics in the technical development of 
agriculture and gives examples of the special 
application of plastic films, pipes, tubes, 
containers, bonamide elements, etc. with 
numéros text illustrations. Various types and 
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technical d a t a of plastic covered forcing 
houses, m e t h o d s of lining reservoirs and 
canal systems, ut i l izat ion of plast ic elements 
employed in i r r igat ion systems, etc. are 
described wi th t h e special r equ i remen t s of 
agriculture t a k e n in consideration. 
G. MÁGORI: (7) Appendix. M a j o r da ta of 
temporarily a n d permanently l icensed plant 
protectives ( fungicides , insecticides, herbi-
cides, adhesives, growth regulators, etc.), che-
mical designat ion of active ingredients , main 
f ields of utilization and doses of plant 
protectives as well as the rates of conversion 
are presented in clearly arranged tables easy 
to survey. 
The handbook dealing with the agricul-
tural aspects of the Hungarian chemical 
industry plays an important role in increas-
ing the rentability of agricultural production 
by giving the agricultural experts informa-
t ion on the range of fertilizers and plastics 
and on the technologies of application. 
B . I . P O Z S Á R 
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and French, of the results of or ig inal scientific research. 
The Canadian Journal of Soil Science is published 4 times yearly, 
these issues making up a volume of some 500 pages a 
year , size 2 4 . 7 x 1 6 . 5 cm. 
The publication charge payable by all authors is currently set at 
$25 per printed page; however, free reprints a r e not 
provided. Price quotations for reprints a r e pro-
vided with the gal ley proofs, and reprints should be or-
dered when the proofs are returned to the Editorial 
Office. 
Manuscripts for publication and all correspondence should be ad-
dressed to the Editorial Office, C a n a d i a n Journal of Soil 
Science. 
Subscriptions outside C a n a d a : individuals, $14.50, institutions 
$23 per year; single copies, $5 .00 individual $8.00 
mult imer, 
Editorial Office — Agricultural Institute of C a n a d a 
Suite 907, 151 Slater St., 
Ot tawa, Ontar io , K1P 5H4. 
The Agricultural Institute of Canada also publishes 
the Agrologist quarterly. 
Automation 
of CAB Services 
The Commonwealth Agricultural Bureaux are introducing computer tech-
niques for the provision of specialist scientific information services for 
agricultural research workers. The new sys tem will facilitate: 
(a) speedier journal production and earlier notice of papers, 
(b) t h e inclusion of improved indexes in each journal issue, 
(c) t h e search of t h e whole CAB data base to provide special 
outputs on selected topics, current awareness, personal and 
group services, annotated bibliographies, etc., 
(d) t h e interchange of information with other major informa-
t ion services in this field, 
(e) t h e supply of magnetic tapes. 
Some automated journal production will s tart in 1972 and further de-
tails will be announced in due course. 
Any enquiries should be addressed to: 
Systems Manager, 
Commonwealth Agricultural Bureaux, 
Bamham House, Farnham Royal, 
SLOUGH SL2 5BN, England. 
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CANADIAN JOURNAL 
OF PLANT SCIENCE 
The Agricultural Institute of Canada organized in 1920 pub-
lishes the Canadian Journals of Plant, Animal and Soil Science. 
These publications are devoted to the publication, in English and 
French, of the results of original scientific research. 
The Canadian Journal of Plant Science is published four 
times yearly; making up a volume of some 700 pages a 
year, size 24.7 x 16.5 cm. 
The publication charge payable by all authors currently 
is set at $25 per printed page; however, free reprints are not 
provided. Price quotations for reprints are provided with 
the galley proofs, and reprints should be ordered when the proofs 
are returned to the Editorial Office. 
Manuscripts for publication and all correspondence should 
be addressed to the Editorial Office, Canadian Journal of Plant 
Science. 
Subscriptions outside Canada: individuals $14.50 insti-
tutions $23.50 per year, single copies $5.00 individual $8.00 
institutions 
Editorial Office — Agricultural Institute of Canada. 
151 Slater Street, 
Ottawa, Ontario, KIP 5H4. 
The Agricultural Institute of Canada also publishes the 
AGROLOGIST quarterly 
Publications of the 
AGRICULTURAL 
INSTITUTE OF CANADA 
CANADIAN JOURNAL OF PLANT SCIENCE: published four times yearly 
with an annual volume of 700—800 pages. Size 16.5x24.5 cm. Subscriptions outside 
Canada: individuals $14.50. institutions $23.50 per year. 
CANADIAN JOURNAL OF SOIL SCIENCE: published four times yearly, with 
an annual volume of over 500 pages. Size 16.5x24.5 cm. Subscriptions outside 
Canada: individuals $14.50, institutions $23.50 per year. 
CANADIAN JOURNAL OF ANIMAL SCIENCE: published four times yearly, 
with an annual volume of some 800 pages. Size 16.5 x 24.5 cm. Subscriptions outside 
Canada: individuals $14.50, institutions $23.50 per year. 
AGROLOGIST: annual volume of 4 issues, individually paginated. Size 21 x 28.5cm. 
subscriptions: Canada and British Commonwealth $6.00 per year, elsewhere $7.00. 
THE THREE JOURNALS publish papers, in English or French, presenting original 
research findings related to crops, soils and farm animals and their products. The 
studies are written by scientists from Canada and abroad, and are reviewed for publi-
cation by respected members of the agricultural research community. The journals 
are distributed in more than 50 countries throughout the world. 
THE AGROLOGIST is concerned with trends in Canadian and world agriculture, 
and is a forum for discussion of topics ranging from international development to 
marketing policies. Designed to be of interest to both professional and layman, 
it recently won an international award on the basis of content and presentation. 
One issue per year is devoted to a topic of current interest. Recent special issues 
have included "Pollution and Canadian Agriculture", and "Marketing Canada's 
Agricultural Products". CORRESPONDENCE and orders should be addressed to 
the individual publication, c/o Agricultural Institute of Canada, Suite 907, 151 Sla-




Begründet 1930 von Prof. Dr. E . S C H A F F N I T 
U n t e r M i t w i r k u n g v o n 
Prof. Dr. E . B A L D A C C I , Mailand/Dr. G . L . F A R K A S , Budapest/Prof. Dr. R . 
H E I T E F U S S , Göttingen / Prof. Dr. N . H I R A T S U K A , Tokyo / Prof. Dr. J . K O C H M A N N , 
Warschau/ Oberreg.-Rat i. R. Dr. E . K Ö H L E R , Braunschweig/Prof. Dr. V. R Y Z K O V 
Moskau / Prof. Dr. T. S . S A D A S I V A N , Madras / Prof. Dr. K . S I L B E R S C H M I D T , Säo 
Paulo/Prof. Dr. E . C . S T A K M A N , St. Paul/Prof. Dr. D. S U T I C , Belgrad 
Die PHYTOPATHOLOGISCHE ZEITSCHRIFT ist das internationale Sammel-
organ für die wichtigsten Arbeiten auf dem Gebiet der Phytopathologie. Ihr besonde-
res Streben ist: knappe, klare Fassung der Ergebnisse, also Vermeidung jeder Weit-
schweifigkeit in der Darstellung. Die Veröffentlichungen erscheinen in deutscher, 
englischer, italienischer oder französischer Sprache mit deutschen und englischen 
Zusammenfassungen. Für alle auf phytopathologischem Gebiet tätigen Forscher 
und phytopathologischen Institute für Agrikulturchemie, für landwirtschaftliche 
Versuchs- und Forschungsstationen, Pflanzenzüchter, Pflanzenphysiologen und den 
Baumschulfachmann gibt die Zeitschrift wertvolle und unentbehrliche Anregungen. 
— Die Herausgabe von Beiheften, die unter dem Titel „Acta Phytomedica" 
erscheinen sollen, wird vorbereitet! 
Erscheinungsweise: jährlich 12 Hefte, 4 Hefte bilden einen Band, jedes Heft umfaßt 
6 — 7 Druckbogen. Bezugspreis: je Band DM 176, — . Das Abonnement verpflichtet 
zur Abnahme jeweils kompletter Bände. Einzelbezugspreis der Hefte außerhalb 
des Abonnements 10% teurer, also D M 48.40 
herausgegeben von den Professoren 
H . K E R N 
Zürich 
H . R I C H T E R 
Berlin-Dahlem 
P A U L P A R E Y IN B E R L I N U N D H A M B U R G 
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AN AGRICULTURAL TYPOLOGY 
OF CALIFORNIA 
b y H. F. Gregor 
(Geography of Wor ld Agricul ture 4) 
I t is charac ter i s t ic of California's agr icu l tu re t h a t i t turns out m o r e than 250 
k i n d s of produce. T h e Californian f a r m s , r ichest in capital in t h e U.S.A. are 
h i g h l y specialized a n d there is also a n impor tan t regional v a r i e t y in the agri-
c u l t u r e of this s t a t e , owing to i t s la rge ly d ive rgen t geographical condit ions. 
T h e a u t h o r analyzes in detail t h e e igh t f a r m - t y p e s prevailing in California, 
descr ibes their geographical cond i t ions and s y s t e m of p roduc t ion , as well a s 
t h e i r socio-economic organizat ion. Final ly , he g ives a s u m m a r y abou t the 
reg iona l s t ruc tu re of and the c h a n g e s in Californian agriculture. 
In Eng l i sh • A p p r o x . 80 pages • C lo th 
— I S B N 963 05 0174 0 
m 
A K A D É M I A I K I A D Ó 
Pub l i sh ing House of t h e H u n g a r i a n Academy of Sciences 
B U D A P E S T 
220 
HISTORY OF AGRICULTURE 
HISTORY OF AGRICULTURE provides the channel of communication for a 
world wide network of people interested in establishing an agricultural historiography 
of a high standard of scholarship. It aims to integrate the research of historians of 
agriculture on an international plane and thereby to contribute towards a better 
understanding of the development of world wide agriculture. 
The journal's field of interest embraces all epochs of agriculture, all aspects 
of agricultural development and activity and agricultural institutions in the whole 
range of their cultural, scientific and social implications. Authoritative and construc-
1 ively critical book reviews of the most important books in the field of agricultural history 
are also included. 
HISTORY OF AGRICULTURE also publishes information concerning the most 
important events of international agrico-historical activity. A special "News and Notes" 
section illuminates projects such as the establishment of new museums, agrico-historical 
institutes and societies and the proceedings of national or international congresses etc-
Contributions of original articles whose conclusions have been reached through a use 
of methods, criticism and knowledge of modern agrico-historical research are respect-
fully invited. Contributors of main articles will receive twenty five reprints free of cost. 
Particulars of the cost of additional reprints, if required will be sent before publication 
and orders for additional reprints should be made by return. 
The journal is published quarterly in the third week in February, May, August 
and November. 
The subscription rate is U. S. Dollars 25.00 a year in U. S. A. and Canada and 
£10.00 in Europe and elsewhere. 
Manuscripts, review copies of books and subscription orders should be addressed 
to K. K. ROY (PRIVATE) LTD. 55 Gariahat Road, P. O. Box 10210, Calcutta 19. India 
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LAND SUPPLY AND INTERNATIONAL 
SPECIALIZATION IN AGRICULTURE 
by N. Csáki 
Geography of World Agriculture 3 
On the basis of the d a t a from several countries around the globe 
representing various levels of development and land supply 
this s t u d y analyses, a n d describes in mathematical models, nu-
merous correlations in agricultural foreign trade; at t h e same time 
assistance is provided facilitating the recognition of regularities in 
international divisions o f labour. 
In Engl ish • Approx. 100 pages • Cloth — ISBN 963 05 0172 4 
A K A D É M I A I K I A D Ó 
Publishing House of the Hungarian 
A c a d e m y of Sciences 
Budapest 
1ви 
P O L I S H A G R I C U L T U R E , F E A T U R E S , T Y P E S A N D R E G I O N S 
b y J. Kostrowicki and R. Szczesny 
(Geography of World Agr icu l ture 1) 
This book gives a comprehensive p ic ture of t h e Polish agr icu l tu re to -day , 
acqua in t ing t h e r eade r at t h e s a m e t ime wi th t h e research m e t h o d s applied 
in th i s field of Pol ish agr icul ture-geography. The methods of invest igat ion 
described m a y successfully be employed in o the r countr ies too . 
I n English • A p p r o x . 160 pages • Cloth 
R I O C H E M I C A L A N D E C O L O G I C A L A S P E C T S O F P L A N T - P A R A S I T E 
R E L A T I O N S 
edi ted by Z. Király and L. Szalay-Marzsó 
R e p r i n t e d f i o m A c t a Phy topa tho log ica Academiae Sc ien t ia rum H u n g a r i c a e , 
Vol. 6, 1971) 
Th i s volume p re sen t s the paper s delivered a t t h e Symposium held on t h e 
occasion of t h e 90 th anniversary of t h e H u n g a r i a n Research I n s t i t u t e for 
P l a n t P ro tec t ion , Budapes t , Sep t . 28 —Oct. 1, 1970. The book conta ins four 
c h a p t e r s : Defe rence React ions of P l a n t t o In fec t ions ; Ecology of Pes t s ; New 
Approaches to P e s t Control and Sys temat ic Fungic ides and the i r Mechanism 
of Act ion 
In Engl ish • 425 pages • Cloth 
N U C L E I C ACIDS A N D P R O T E I N S I N H I G H E R P L A N T S 
edi ted b y G. L. Farkas 
(Symposia Biologica H u n g a r i c a 13) 
T h e Sympos ium, t h e f i rs t i n t e rna t iona l meet ing of i ts k ind , covered analy t ica l , 
s t r u c t u r a l and metabo l i c aspects of nucleic acids and proteins in h igher p lan t s . 
R e c e n t f indings a n d deve lopments in t h e synthes is and h o r m o n a l control of 
p ro te ins and nucle ic acids are discussed in deta i l . Special a t t e n t i o n is being 
devo ted to t h e p rob lem of nucleic acid and pro te in synthesis in cell part icles 
a n d to the role of nucleic acids a n d prote ins in p l an t deve lopmen t . 
In English • Approx . 300 pages • Cloth 
A K A D É M I A I K I A D Ó 
Publ ishing House of the H u n g a r i a n A c a d e m y of Sciences Budapes t 
au 
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Vorsitzender Prof. Ing. Frantisek H r o n , CSc. 
Mitglieder: 
Ing. Jif í Apltauer, CSc., Ing. I v o Bares, CSc., Akademiker Ctibor 
Blat tny , Prof. Ing. Karel Cervenka, CSc., Doz. Ing. Mikulás Derco, 
CSc., Dr. Zbynëk Facek, CSc., Ing. Jiljí Fiedler, CSc., Ing. Josef 
Habovstiak, CSc., Prof. Ing. Dr. Ladislav Hruska, DrSc., Ing. 
Karel Jelinek, CSc., Prof. í)r. Ing. Václav Kás , DrSc., Prof. Dr. 
Ing. Vladimír Kosil , DrSc., Doz. Ing. Anton Kovácik, DrSc., 
Ing. Jaroslav Lekes DrSc,. Mitglied der Tschechoslowakischen 
Akademie der Wissenschaften Ing. Frantisek Marecek, Ing. 
Frantisek Mráz, CSc., Doz. Ing. Jaroslav Prugar, CSc., Prof. 
Ing. Václav Rybácek , CSc., Doc. Ing. Vladimír Segeta, CSc., 
Ing. Miloslav Schmied, Ing. Vladimír Skládal, Ing. Josef Slepic-
ka, Ing. Ján Svihra.CSc., Ing. Juraj Uhliar, CSc., RNDr. Ing. 
Jaroslav Zakopal. 
Die wissenschaftliche Zeitschrift R O S T L I N N Á V Y R O B A veröffent-
licht Studien, Analysen und wissenschaftliche Abhandlungen über 
die gelöste Aufgaben der Wissenschaft aus dem Fachgebiet der 
Pflanzenproduktion. Die Zusammenfassungen jedes Beitrags wer-
den in die russische, englische und deutsche Sprache übersetzt. 
D ie wissenschaftliche Zeitschrift R O S T L I N N Á V Y R O B A erscheint 
monatlich in e inem Umfang von 112 Druckseiten, Redaktion: 
120 56 Praha 2, Slezská 7. 
ззз 
HETEROSIS IN PLANT BREEDING 
Proceedings of t h e Seventh Congress of E u c a r p i a 
Edited by A . Jánossy and F . G . H . Lupton 
The Seventh Congress of E u c a r p i a , the E u r o p e a n Associat ion for Research 
in P lan t Breeding , took place in Budapes t f r o m 24— 29 J u n e 1974. The subject , 
of the Congress was Heterosis in Plant Breeding, and inc luded review pape r s 
a n d shorter communica t ions by leading research workers f r o m different, 
countries all ove r Europe. These papers cover theoret ical aspects of t h e 
problems of heteros is breeding in a wide r a n g e of self-poll inat ing and cross-
poll inat ing crops , and analyses of the physiological basis of heterosis , t o g e t h e r 
wi th examples of the prac t ica l appl icat ion of heterosis in p l a n t b reed ing . 
Following t h e ve ry high s t a n d a r d s set by previous congresses which h a d 
t a k e n place regular ly at th ree-year ly in t e rva l s in Wagen ingen , Cologne, 
Par is , Lund , Milan and Cambr idge , this v o l u m e of Proceedings provides a n 
u p to date a n d au thor i t a t ive review on a s u b j e c t of in teres t a n d impor t ance 
to all p lant b reeders . I t is a usefu l addi t ion t o an i m p o r t a n t series of pub l i -
cat ions. 
Papers in English • Approx. 320 pages • 17 X 25 cm • Cloth 
ISBN 963 05 0678 5 
AKADÉMIAI KIADÓ 
Publishing House of the Hungarian Academy of Sciences 
BEDAPEST 
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3e Colloque Européen et méditerranéen sur le 
contrôle de VAlimentation des plantes cultivées 
Edi t ed b y P. K o z m a and D . Pólyák 
о t * I I - I 
This volume contaii ls the full t ex t of t h e 98 lectures submi t ted to t h e 
Conference. Two summar ies in l ánguáges other t h a n t h a t in which t h e 
indiv idual lectures «were delivered ate" provided . — The lectures deal w i th 
' t h e inorganic (macro' and micro) nu t r i en t supply, w i th t h e role of n u t r i -
i I . ^ • . 
•" ents in plant phys io logy ' and with the discussion of diagnostic m e t h o d s 
which are used for t h é t ime hfeing and ''Which de te rmine the s t a t e of 
nu t r i en t ' supply«.' À ^ í a t number of- 'data are included on the chemical 
analysis of p lants , a n d ton thé use of these dà ta in pract ice . 
• ' • • ' - .
 r
 " i : " I : • -, . : V : . 
In> English, French, . GerinaA, Italian, 'Rüásián and Spanish languages • 




Netherlands Journal of Plant Breeding 
L a w i c k s e Allee 166, Wageningen , T h e Ne the r l ands . 
Vol. 23 (1974) (744 pages) con t a in s 94 ar t ic les . Some a re : 
Aspects of cross-poll ination in whea t , Cy top lasmic male s te r i l i ty in rye-
grasses, M u t a t i o n breeding, Chemical i nduc t ion of s ter i l i ty in wheat , 
Genet ical s t u d i e s of q u a n t i t a t i v e characters in peas, A s t u d y on heterosis 
in rice, I n h e r i t a n c e of res i s tance to Pseudoperonospora cubensis in cu-
cumber , The u s e of aseptic mer is tem c u l t u r e in caul i f lower breeding, 
Apomixis a n d he te rogamy in rose roots tocks, T h e genetic var iab i l i ty of 
t h e yield c o m p o n e n t s in p y r e t h r u m , I n h e r i t a n c e of res is tance to s t r ipe 
rus t in T r i t i cum, M a t r o m o r p h v in Brassica oleracea, Breed ing research 
on rose p igmen t s , The occur rence of se l f - incompat ibi l i ty in caulif lower, 
Genome ana lys i s of Eleusine, Assessment of serological t echn iques for 
S-allele ident i f ica t ion in Brass ica , Chromosome behaviour a n d ster i l i ty 
in Allium h y b r i d s , Po ten t ia l s of protoplas t cu l tu re work, Gca and sea 
in lucerna. 
Publ ished t h r e e t imes a year , in annua l vo lumes of abou t 700 pages. 
Subscript ion vol . 24 (1975) 65 guilders ( a b o u t $ 25) a yea r . 
Vols. 22 (1973) — 23 (1974) a t 60 guilders ( abou t $ 24). 
Vols. 2 (1953) — 21 (1972) a t 40 guilders pe r v o l u m e (about $ 15). 
Vol. 1 (1952, repr in ted) $ 12.50. 
Correspondence should be add res sed to : 
T h e Managing E d i t o r , E u p h y t i c a , c/o I n s t i t u t e of Plant Breeding , (I. v. P.), 
Lawickse Allee 166, W A G E N I N G E N 




A growing journal qnarterly publishing articles on 
All phases of cereal research, especial ly cur ren t unsolved problems . Fo r 
e x a m p l e pas t issues conta ined discussions of h y b r i d whea t and chemical 
verna l iza t ion . W e t r y t o fos te r i n t e rna t iona l coopera t ion. The Proceed-
ings of t h e I n t e r n a t i o n a l Sympos ium on P r e - H a r v e s t Sprout ing D a m a g e 
in Cereals will b e publ ished in t h i s spir i t . 
Editorial Board 
J . B O J A N O W S K I (Poland) 
N . E . B O R L A U G (Mexico) 
A . B O Z Z I N I ( ITALY) 
K . K R I S T E V (Bulgaria) 
J . MAC K E Y (Sweden) 
R . A. M c I N T O S H (Australia) 
M. I . H A D J I N O V (USSR) 
G. K I M B E R (USA) 
M. OKAMOTO (GFR) 
T . T S U C H I Y A (USA) 
Á. K I S S (Hunga ry ) 
Managing Editor 
Z. B A R A B Á S (Hungary) 
P l ease send y o u r o rder t o : 
Cereal Research In s t i t u t e , P . O . B . 391. Szeged, H u n g a r y 
7 3 
PRODUCTIA VEGETALA-
CEREALE SI PLANTE TEHNICE 
4 
" P r o d u c t i a Vegetala — Cereale §i P l a n t e Tehnice" , t h e Press 
organ of t h e Ministry of Agricul ture , F o o d - S t u f f I n d u s t r y a n d Water 
H u s b a n d r y of the Socialist Republic of Rumania , is a monthly 
magazine of informat ion a n d technical a n d scientific review, ad-
dressing t h e exper ts in agr icu l ture w i th Univers i ty e d u c a t i o n . 
The magaz ine pub l i shes works concern ing the p rob lems of 
the deve lopmen t of t h e agr icul tura l p roduc t i on (original research, 
papers d r a w n u p on t h e basis of e x p e r i m e n t and of t h e scientific 
l i te ra ture a n d ach ievements of the f o r e m o s t ag r i cu l tu ra l units) 
in the f ields of economy a n d organizat ion of the p r o d u c t i o n , util-
ization of t h e stock of l and , p l a n t amel iora t ion , agr icul tura l technics, 
phy to techn ics , p lant p ro tec t ion , industr ia l izat ion, mechaniza t ion . 
The original papers a re accompanied b y Russian, Eng l i sh and 
French summar ie s . 
The magaz ine conta ins also the Chronic les of cer ta in impor t an t 
scientific e v e n t s and conferences from R u m a n i a and f r o m abroad, 
and the rev iews of works published in va r ious countr ies . 
INTERNATIONAL SYMPOSIUM 
ON GRASS WEEDS 
A scientific symposium on t h e status, b io logy and c o n t r o l of grass weeds in 
arable l and in Europe will b e held in t h e UNESCO h e a d q u a r t e r s in P a r i s on 
December 2nd — 3rd 1975. The sympos ium is being organ ized jo int ly b y the 
European W e e d Research Council and t h e European W e e d Research Society 
in association with C O L U M A . The p r o g r a m m e will inc lude sessions on the 
d is t r ibut ion and i m p o r t a n c e of grass w e e d s ; their b io logy and popu la t ion dy-
namics; p l a n t breeding a n d varietal suscept ibi l i ty to he rb ic ides ; env i ronmen ta l 
factors a n d herbicide a c t i v i t y ; fo rmula t ion technology, new grass herb ic ides 
and s t ruc tu re -ac t iv i ty re la t ionships ; c u l t u r a l methods a n d integrated control 
systems; need for f u t u r e research. A provis ional p r o g r a m m e is u n d e r prepa-
ration. I n t e r e s t e d readers are invited t o contact M. R . Fa ivre -Dupaigre , 8 
Avenue du President Wi l son , 75116 P a r i s , France. 
S I S 
A G R O K É M I A és T A L A J T A N 
Quartely Journal of 
Soil Science, Agricultural Chemistry, Fertilization, 
Soil Biochemistry, Soil Microbiology and Plant 
Physiology 
Editor: I . Szabolcs 
Assistant editor: Gy. Vára l lyay 
Editorial Board: Z. F e k e t e , L. Gerei, B. Gyôrf fy , A. Klimes-Szmik, I . Láng , 
I . Latkovics , I . Lőrincz, Gy . Pántos, I . Sarkadi, S. Sipos, 
P . S tefanovi t s , J . Szegi 
Published by the Research Institute of Soil Science and Agricultures 
Chemistry of the Hungarian Academy of Sciences, Budapest II., 
Herman Ottó út 15 (1525 Budapest 114, P.O.B. 35), Hungary. 
AGROKÉMIA ÉS TALAJTAN publishes papers by eminent Hun-
garian and foreign scientists in Hungarian, the detailed summaries 
are translated into English, Russian and a third language, French, 
German, Spanish or Italian. Special „Supplementum'1'' volumes 
are published in English. The Journal is issued four times a year 
in annual volumes of about 700 illustrated pages. 




This b i m o n t h l y pub l ica t ion , the off ic ia l organ of t h e American 
Society of Agronomy, is respected t h r o u g h o u t the wor ld for its 
technical r epor t s on b a s i c and appl ied research in c r o p and soil 
science. Art ic les in p a s t issues c o n t r i b u t e d in fo rmat ion on t h e 
impor t ance of soil a e r a t i o n , moisture c o n t e n t , and roo t - zone tem-
pera ture t o t h e growth, deve lopment , a n d survival of f o r age crops; 
improved methods for de te rmin ing seed ing rates; t e chn iques for 
es t imat ing sugar quan t i t i e s in plant e x t r a c t s ; a c o m p u t e r program 
for e s t i m a t i n g pa r ame te r s ; and the e f f e c t s of fer t i l izers and irri-
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